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How to keep a drill team 
from marking time 


The swivel on a drilling rig has to carry the tremendous 
weight of drill pipe that’s often three miles long. To carry 
this load while permitting the pipe to rotate as fast as 250 
R.P. M., oil equipment design engineers use Timken® flat 
thrust bearings in the swivels. Due to line contact between 
rollers and races, Timken bearings have extra load- 
carrying capacity. True rolling motion and incredibly 
smooth surface finish of Timken bearings practically elimi- 
nate friction and wear. Costly breakdowns are prevented. 


How swivels are mounted 
on TIMKEN bearings 


The Timken bearing used to carry the thrust load in this 
typical swivel is an on-apex thrust (type TT) bearing. A 
single-row (type TS) Timken bearing is used at the top 
position. Bearing adjustment is made with thin metal 
shims between the cup carrier and the swivel housing. 


Want to learn 
more about bearings? 


Some of the engineering problems you'll face 

after graduation will involve bearing applica- 

AER ROC ip AP Se GOOD tions. If you’d like to learn more about this phase 
TAPERED ROLLER BEARINGS of engineering, we'll be glad to help. For a copy 
of the 270-page General Information Manual on 

Timken Bearings, write today to The Timken 

Roller Bearing Company, Canton 6, Ohio. And 

don’t forget to clip this page for future reference. 


NOT JUST A BALL © NOT JUST A ROLLER c= THE TIMKEN TAPERED ROLLER o> 
BEARING TAKES RADIAL 4) AND THRUST ~~ LOADS OR ANY COMBINATION =< 





After orientation in the new 
Westinghouse Educational Cen- 
ter, assignments are made to 
various plants to familiarize 
graduate students with manu- 
facturing processes. In this way, 
a wealth of experience is gained 
quickly... with the belp of ex- 
perienced counselors you can 
choose your career with more 
certainty. 


The 
Westinghouse 
Plan 


Westinghouse is growing rapidly. Its need for men to maintain 
this pace is great... men who can be developed for responsible 
jobs—as fast as they can take it. 

The Westinghouse Plan is to select top men from top schools; 
give them a clear, comprehensive understanding of the company 
and the opportunities it offers in research, engineering, manufac- 
turing and application. 

Then, with experienced counselors, you select the type of work 
in which your education, training and background can be applied 
most effectively; where you will realize the greatest satisfaction 
from your work. 

With this plan... the result of 50 years of operation... you 
can get set quickly .. . for good. It has been proved through the 
years. For more information about it, send for our 32-page booklet 
—“Finding Your Place in Industry”. G-10172 


EDUCATIONAL DEPARTMENT 





To obtain copy of 

“Finding Your Place in Industry”, consult Placement 
Officer of your university, or mail this coupon to: 
Mr. J. H. Spraggon 

District Educational Co-ordinator 

Westinghouse Electric Corporation 

40 Wall Street 

New York 5, N. Y. 


U 


you CAN BE SURE... iF ITS 


Westinghouse 





sicsaiioainwer a 





*------------- 





Zone——_—_-State-—__- 





Ww 
» 4 
Ww 
4 
Ww 
WwW 
WwW 
WwW 
WwW 
WwW 
WwW 
WwW 
WwW 


i 

Please send your FREE Booklet ! 

“ MOLYBDENUM DISULFIDE AS A LUBRICANT” 
BLOCK LETTERS PLEASE 
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4 What do 
4 you know 
4 about Mos* 
4 asa 
4 lubricant? 


xt Molybdenum disulfide 


You have probably heard reports, some 
enthusiastic, some conservative, of the 
remarkable properties of Molybdenum 
Disulfide as a new lubricant. 


For those who wish to review published in- 
formation on this subject, we have compiled 
a 55 page publication containing excerpts 
from authoritative technical papers. Copies 
are free—write now, 





FAMILY had failed to make a living on a worn-out 
A New England farm. Did they demand government 
subsidies, checks for crops they didn’t raise, high prices 
for crops to be burned? 

They would have scorned such things—scorned and 
feared, for they knew from days under a foreign despot that 
where government money goes, government control goes, too. 


No, this family put everything they owned in that wagon, 
and walked beside it 2,000 miles, westward. They didn’t 
know what was ahead, but they were determined to keep 
on going until they found a place of freedom where they 
could keep their self-respect. 

They were English, Scotch, Dutch, Italian, French— 
people from many places—all, now, Americans. They knew 
that the only happiness is from self-respect, and the only 
way to self-respect is to earn your own way, not whine 
for something for nothing. 

Their sons and grandsons started grocery stores, became 
mechanics, saved their money and started factories. 
American machines bought by American thrift made the 
factories grow. 

And that’s America. Made by people willing to walk 
2,000 miles beside a wagon—to find opportunity. .If such 
people are gone, if all we’ve got left are soft weaklings 

WARN ER who want to be taken care of, then in truth American 
4 manliness is dead, that 2,000 mile walk was wasted, and 
SWASEY. there is nothing left of America but a hollow shell. 


Cleveland 
WE Ved ab bat -O Moto) [-1 
Textile 
WE Yod ab bat vag 


YOU CAN MACHINE IT BETTER, FASTER, FOR LESS WITH WARNER & S'YASEY TURRET LATHES, AUTOMATICS AND TAPPING MACHINES 





COLUMBIA-SOUTHERN CAUSTIC 
CARS HELP INSURE EASY UN- 
LOADING WITHOUT STEAMING! 


During the transporation delays of the 1951 
winter, a car of liquid caustic soda was 
shipped January 25 from Columbia-Southern’s 
Natrium, West Virginia, plant . . . arrived 
Chicago January 30. . . spotted February 9 
. unloaded February 12 without the use of 
steam, and with a full line within a minute. 

During this nineteen day period the car was 
in transit, outside temperatures were mostly 
below freezing, twice reaching as low as 15 
degrees below zero! Yet easy unloading was 
assured by the efficiency of the Columbia- 
Southern designed car. 

The Columbia-Southern caustic tank car is 
one of the many valuable contributions to 
industry made by Columbia-Southern, pioneer 
in better transportation and handling of liquid 
caustic soda. 

Columbia-Southern’s policy is not only to 
make the highest grade caustic soda, but to 
ship it with caution and care. 


Among the tank car features pioneered 
by Columbia-Southern are: 


- the patented tank car lining which permits 
delivery of liquid caustic soda without me- 
tallic pick-up—in any concentration - the 
fusion welding which eliminates rivets as a 
possible source of leaks ° increased tank 
car insulation - greatly improved heating 
equipment - and numerous other unloading 
and safety improvements. 


COLUMBIA-SOUTHERN. 
CHEMICAL CORPORATION “© 


SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY 


EXECUTIVE OFFICES: 
FIFTH AVENUE AT BELLEFIELD * PITTSBURGH 13, PA. 


DISTRICT OFFICES: BOSTON * CHARLOTTE * CHICAGO 
CINCINNATI * CLEVELAND * DALLAS * HOUSTON . MINNEAPOLIS 
* NEW ORLEANS * NEW YORK * PHILADELPHIA * ST. LOUIS 





THE DU PONT 


DIGEST 


Work as production supervisors prepares 
chemical engineers for jobs in management 


The last issue of the Digest described 
the broad opportunities offered 
chemical engineers in research and 
development at Du Pont. Now let’s 
look at the opportunities in produc- 
tion supervision. 

In this important phase of plant 
operation, Ch. E.’s and others are 
responsible for investment in plant 
facilities, supply of raw materials, 
supervision of operation and main- 
tenance, cost and shipment of fin- 
ished products, as well as personnel 
relations, training and safety. 


George B. Bradshaw, Jr., B.S.Ch.E., M.I.T. 
’40, assistant superintendent, inspects a unit 
used in ammonia synthesis operation. 


Normally, chemical engineers en- 
ter production supervision by reason 
of preference and special abilities. 
Their first step depends on which of 
ten operating departments they work 
in. For example, in one department 
they follow a training program as 
student operators. In another, train- 
ing in a plant laboratory familiarizes 
the engineers with processes and 
products. 

After the training period, the men 
are given supervisory responsibili- 


ties, usually starting as foreman. At 
this level they meet problems like 
these: 


1. Occasionally, in a still connected 
to a sulfonator by a pipe line with a 
single valve, the product disappeared, 
and residue increased. The supervi- 
sor’s study of control data showed 
that small amounts of gaseous sul- 
fur trioxide were venting into the 
still causing decomposition of the 
product. His recommended installa- 
tion of a positive pressure block in 
the pipe line eliminated the difficulty. 


2. Ahigh temperature batch reaction 
process was revised to increase pro- 
duction of a critical material. For 
safety, adjacent reactors had to be 
shut down as work on each unit pro- 
ceeded. Thesupervisor planned main- 
tenance and batch schedules to min- 
imizecostly down-timeand re-trained 
personnel for the new process. 

In solving such problems, super- 
visors have an opportunity to use all 
their knowledge and ingenuity. 
Equally important, they acquire the 


Inspecting nylon filaments during manu/ac- 
ture. They are made by extruding molten poly- 
mer through spinnerets under pressure. 


Operator and foreman check raw materials on 
a production control board which records every 
operation in a Du Pont plant. 


[ THIRD OF A SERIES ] 


background and varied experience 
that prepare them for advancement 
to responsible positions in manage- 
ment and administration. 


NEXT MONTH—The fourth article in this 
series will deal with process develop- 
ment—to many engineers the most in- 
teresting part of plant operation. 


Conrad R. Graeber, Jr., B.S.Ch.E., Lehigh’51, 
control supervisor, examines flow sheets for 
the manufacture of methacrylates. 





SEND FOR your copy of “The Du Pont 
Company and the College Graduate,” 
40-page book describing opportunities 
for men and women with many types 
of training. Address: 2521 Nemours 
Building, Wilmington, Delaware. 
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Entertaining, Informative — Listen to “Cavalcade of 
America,” Tuesday Nights, NBC Coast to Coast 











Why Grinnell is America’s * 1 Supplier 
PIPE HANGERS aud SUPPORTS 


GRINNELL, ALONE, MANUFACTURES A 
FULL LINE OF HANGERS AND SUPPORTS 
No other company, anywhere, makes a line 
as complete or varied. Grinnell produces 
hangers in thousands of combinations to 
support any piping. 


GRINNELL, ALONE, MAINTAINS AN EXPERIENCED 
LABORATORY STAFF OF TRAINED TECHNICIANS 
In its modern, well-equipped laboratory, 
tests are constantly being made to discover 
better ways of solving old and new pipe sus- 
pension problems. 








GRINNELL, ALONE, PROVIDES ENGINEERING 
ASSISTANCE IN DESIGN AND INSTALLATION 


Grinnell makes available specialized knowl- 
edge in the computation of hanger loads and 
the selection of the correct supports. Engi- 
neers in the field assist with problems in 
erection of pipe hangers. 


Pp suspension presents an extremely 


wide range of problems involving 
weights, stress, thermal movement, mater- 
ials and specialized engineering. No one 
“goes into” the pipe hanger business 
overnight. Large manufacturing facilities, 
skilled technicians, and a lot of down-to- 
earth practical experience are needed. 
Grinnell has become America’s No. 1 
supplier of pipe hangers and supports 





GRINNELL, ALONE, THROUGH ITS CONVENIENT 
WAREHOUSES CAN SUPPLY YOU “OUT OF STOCK” 


No manufacturer of pipe hangers offers a 
distribution system as thorough or efficient. 
Grinnell warehouses are located in 30 prin- 
cipal cities . . . with jobbers in practically 
every city, coast to coast. 


only because Grinnell has specialized in 
piping for one hundred years. Grinnell 
has developed a line of pipe hangers and 
supports for every piping requirement, 
from the simplest to the most complex. 

Grinnell is always ready to co-operate 
with engineers and architects in the prep- 
aration of pipe suspension specifications. 

Call Grinnell for any and all types of 
pipe hangers and supports. 








Grinnell makes scientifically 
designed, ruggedly built 
pipe hangers and supports 
for every type installation. 





GRINNELL 


WHENEVER PIPING IS INVOLVED 


Grinnell Company, Inc., Providence, Rhode Island * Sales Offices and Warehouses in Principal Cities 








n 2 "Ss" welding fittings * engineered pipe hangers and supports 
Thermolier unit heaters * valves * Grinnell-Saunders diaphragm valves * pipe °* prefabricated 
Piping oi plumbing and heating specialties ° water works supplies . industrial supplies 
Grinnell automatic sprinkler fire protection systems ° Amco humidification and cooling systems 


ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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Colloidal Graphite In Industry 


By HOWARD A. ACHESON, M.E. ’23 


Graphite has long been recog- 
nized as a unique mineral having 
broad usefulness because of its lubri- 
city and its ability to conduct 
electricity. These properties, cou- 
pled with its resistance to chemical 
attack, have made it an important 
article of commerce. Natural graph- 
ite, however, carries rather high 
percentages of siliceous impurities 
and is available only in the form of 
flakes and powders. Skillful refin- 
ing methods have been developed 
which reduce greatly the foreign 
matter in the mined product, and 
the molding of natural graphite into 
rigid forms through the use of 
binders has extended its adapta- 
bility somewhat. 


Advent of Manufactured Graphite 

Science, however, through the 
genius of Edward Goodrich Ache- 
son, produced in 1896 a pure manu- 
factured graphite. Employing huge 
electric furnaces powered by the 
falling waters of Niagara, this 
pioneer in electrothermal processes 
turned out graphite in the form of 
easily machinable rods, _ slabs, 
cylinders, etc., as well as unctuous 
powders. Thus he brought into exis- 
tance a new electrode material free 
of binders and lubricating graphite 
having the purity of the order of 
99.9 per cent. He was the first to 
prepare commercial silicon carbide 
(best known by the trade-mark 
under which it was marketed— 
“Carborundum”), a feat he accom- 
plished in 1891. 

When silicon carbide is subjected 
to a temperature higher than that 
required for its formation, it de- 
composes, yielding elemental silicon 
and graphitic carbon. It was this 
observation which gave birth to 
the manufactured graphite industry. 
(Man-made graphite is sometimes 
erroneously referred to as synthetic 





Surgeon’s lamp illuminates recessed 
spots when wiring new mass spectro- 


meter. 
Westinghouse 
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or artificial graphite. It is also 
electrographite and Acheson graph- 
ite. ) 

The rigid forms of graphite found 
immediate acceptance in the elec- 
trochemical industry and were 
eventually adopted for the manu- 
facture of steel. Acheson, however, 
was not satisfied to confine the use 
of his lubricating graphite to in- 
corporation with greases or to those 
relatively few applications where 
lubrication was achieved by the 
dusting of graphite powder. The 
crucible field in the late nineteenth 
century was consuming most of the 
natural graphite being mined, but 
unfortunately this use was barred 
to manufactured graphite because 
of its great purity. The extraneous 
matter in mined graphite, in con- 
junction with clay, played an im- 
portant part in the binding of cru- 
cibles. 


Acheson’s Investigations 


The story of the unfruitful work 
on crucible fabrication _ bears 
mentioning, since the observations 
made during the period were respon- 
sible for the successful colloidalizing 
of graphite. 

The failure of crucibles made of 
pure graphite to give the required 
strength was attributed to the poor- 
quality domestic clays worked with; 
but certain German clays were 
highly plastic and gave results 
somewhat more promising—though 
still far from satisfactory. Why did 
clays vary so widely in plasticity? 
Further investigation revealed that 
the desirable clays were sedimentary 
—those carried to their final rest- 
ing places by streams. The trans- 
porting waters were in many cases 
rich in organic matter leached from 
the earths drained by the rains. 

Aqueous extacts of one of the 
most common forms of vegetation— 
straw—were used to treat speci- 
mens of poor domestic clays, em- 
ploying for the purpose a pug mill. 
An astounding result was achieved. 
Acheson imparted plasticity to his 


materials, and aqueous suspensions 
of clay particles now showed pro- 
nounced stability. Subsequent ex- 
amination of these suspensions with 
the then-new ultramicroscope in- 
dicated that the particles were of 
colloidal dimensions. 

He concluded that the Egyptians 
used straw in a similar manner to 
make brick (see the fifth chapter 
of Exodus). His own thoughts on 
the subject follow: 

The accepted theory of using 
the straw fibre as a binding agent 
for the clay had never appealed 
to me, and it now seemed likely 
that those ancient people were 
familiar with the effect I had 
discovered. I procured some oat 
straw, boiled it in water, decanted 
the resultant reddish brown 
liquid, and mixed it with clay. 
The result was like that pro- 
duced with gallo-tannic acid, and 
equal to the best I had obtained. 
This explained why the straw 
was used, and why the Children 
of Israel were successful in sub- 
stituting stubble for straw, a 
course that would hardly be pos- 
sible were the fibre of the straw 
depended upon as a bond for the 
clay, but quite feasible where the 
extract of the plant was used. 

Colloidalization of Graphite 

Turning from clay to graphite, he 
sought to suspend graphite with 
the aid of straw or similar vegetable 
extracts. The experimentation nec- 
cessary to achieve this was con- 
siderable, but it terminated in suc- 
cess in 1906. The end result was 
that a means had been uncovered 
to produce colloidal graphite in 
water—and Jater in oil. During the 
early efforts, this process was re- 
ferred to as one of “deflocculation” 
rather than colloidalization. The 
initial letters of the words “defloc- 
culated Acheson graphite” give rise 
to the “dag” trade-mark presently 
associated with those products com- 
prised of colloidal graphite in oil 
(“Oildag”), in water (“Aquadag”), 
in castor oil (“Castordag”), etc. 
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Properties, Utility of Graphite 

Before scanning the industrial 
uses for colloidal graphite and the 
films formed with it, it would be 
well to review the outstanding 
properties of graphite. This mater- 
ial: 

Can withstand temperatures of 
3000°C in inert atmospheres 

Has a specific gravity between 
2.0 and 2.5 

Has a hardness oi Jess than 1 on 
Moh’s scale 

Possesses a low coefficient of ex- 
pansion 

Is a good conductor of heat and 
electricity at high temperatures 

Has a high black body factor 

Is low in photoelectric sensitivity 

Is opaque and unctuous 

At atmospheric pressure does not 
combine with oxygen at tempera- 
tures below 600°C 

Is insoluble in acids and alkalies. 

When dispersed in volatile car- 
riers, colloidal graphite may be 
applied to surfaces by various tech- 
niques. Homogeneous films thus 
deposited are utilized not only for 


their lubricity and conductivity but ~ 


also because they can, under con- 
ditions, adsorb gas, radiate or 
absorb heat, and, when necessary, 
provide opacity. 

The — suspensions — themselves 
which exhibit Brownian movement, 
are made up of particles carrying 
like electrical charges—usually neg- 
ative in the case of aqueous carriers 
and positive in organic vehicles. 
Fig. 2. Dispersions, applied to chills, pat- 
terns, and permanent molds, offer greater 


efficiency. 


Fig. 1. Tungsten wire passes through a fountain of graphited water and over a battery of 
burners before reaching the die. 


In fact, graphite suspensions possess 
all of the properties peculiar to 
lyophobic colloids. 
Vital in Wire Drawing 

While the development of colloi- 
dal graphite was progressing, the 
General Electric Company was 
striving to produce ductile tung- 
sten. Colin G. Fink, who was engag- 
ed on the project at Schenectady, 
chanced to sit in on a lecture given 
by Acheson on the subject of “De- 
flocculation.” Fink, impressed with 
the possibilities of colloidal graphite 
in water, obtained a sample for 
trial as a die lubricant in the draw- 
ing of tungsten. The material 
proved ideal for the purpose. It 





Howard A. Acheson was born in 
Buffalo, New York, in 1900, not 
far from the scene where his emi- 
nent father, Edward Goodrich Ach- 
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electrochemistry. After his pre- 
paratory schooling at Culver and 
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sale of colloidal graphite products. 
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Thermionic Products 


adhered tenaciously to the wire 
and was not oxidized by red heat 
—the condition under which the 
wire was fabricated. Die wear was 
reduced to a minimum and wire 
breakage was practically  elimi- 
nated. Graphite hydrosol has been 
used continuously since 1906 for 
this purpose -and is regarded as in- 
dispensable in the manufacture of 
tungsten and molybdenum wires. 
(See Figure 1.) 
High-Temperature Lubricant 
In the wire drawing application 
just described, films formed with 
colloidal graphite proved them- 
selves to be effective high tempera- 
(Continued on page 48) 
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Titanium Development In Canada 


By JOHN F. SCHMUTZ, ChemE °55 


During the later stages of World 
War II, rapidly diminishing re- 
serves of vital metals made it ap- 
parent that American industry had 
to look for new sources of such 
strategic materials as zinc, lead, 
aluminum, and nickel, or find suit- 
able substitutes. Titanium metal 
showed great promise as a suitable 
substitute since it combines many 
of the important qualities of alum- 
inum and steel. Although titanium 
oxide, with its superior hiding and 
spreading qualities, had been used 
as a white paint pigment since the 
early twenties, a process for the 
manufacture of titanium metal was 
not developed until 1946 when the 
Bureau of Mines announced its 
successful pilot plant experiments 
with the Kroll process (developed 

y Dr. Wilhelm Kroll, a Luxem- 
bourg chemist). In the interim be- 
tween the research and production 
of the metal, titanium oxide was 
in great demand by the paint in- 
dustry. 

Before the uncovering of the 
great ilmenite mine at Lac Tio in 
the Allard Lake region of Quebec, 
titanium oxide ore came chiefly 
from Travancore, India, and the 
American mines of Du _ Pont, 
National Lead, Glidden, and Ameri- 
can Cyanamid. These deposits, 
either at great distances from mar- 
kets or of low grade ore, fell far 
short of the demand. Thus with an 
established product, titanium oxide, 
and a marketable new metal, titan- 
ium seemed a profitable and promis- 
ing field for industry to explore. 

The history of the Allard Lake 
region titanium deposits dates back 
to 1941 when Dr. J. A. Retty, work- 
ing for the Quebec Bureau of Mines, 
followed up the scattered reports 
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Photographs Courtesy The Northern Miner 


of a large ilmenite deposit in the 
Lower Romaine Valley of Quebec 
and explored the territory by canoe. 
This country lies at the mouth of 
the St. Lawrence River where it 
empties into the Gulf of St. Law- 
rence about four hundred miles be- 
low the city of Quebec. Here in 
Saguenay county among the many 
lakes and rivers north of the St. 
Lawrence River, Doctor Retty 
noted large masses of anorthosite 
rock, some rich in ilmenite. A very 
rapid examination of the water 
courses in this region indicated 
widespread presence of ilmenite. 
Three years later, in 1944, when 
the report of Doctor Retty’s find- 
ings was published, little interest 
was shown. Almost simultaneously 
several small syndicates, Simarck 
Syndicate, K. J. Springer and assoc- 


iates, and Bern Maytyn and Dan 
McRae, prospecting for Vital Min- 
erals Prospecting Syndicate, staked 
claims, but for lack of finances, 
metallurgical know-how, and mar- 
ket outlets required, futher de- 
velopment was curtailed. 


Kennecott Gains Options 


It was here that Kennecott Cop- 
per Corporation entered the picture 
through their newly formed Canad- 
ian subsidiary Kennco Exploration, 
Ltd. Under the direction of A. H. 
Robertson, a well known Canadian 
mining engineer, Kennco obtained 
options from the groups already 
staked in the area and began ex- 
ploration. Following a_ carefully 
plotted grid pattern, prospecting 
crews set out in the winter of 1946 
to find the extent of the deposits, 


Five-hundred-mile route to Sorel. Two 10,000-ton ore boats haul ilmenite from Havre 
St. Pierre to Sorel during the eight months the St. Lawrence is free of ice. 
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and a year later, having even used 
air-borne magnetometers to tra- 
verse 5,000 miles of unexplored land, 
the survey was completed. Results 
confirmed the presence of large 
ilmenite deposits, including the Cliff 
ore body on Tio Lake. Diamond 
drilling, begun in the winter of 
1946 to ascertain the exact extent 
of the ore body, proved tremendous 
deposits of over 125 millions tons 
and possibly 300 million tons in 
the Allard Lake region and out 
30 miles north of the St. Lawrence. 
On the Petit Pas ore body alone 
over 70 holes were sunk showing 
the ore to extend over 300 feet deep 


in some places and to have a maxi- 


mum width of over 3500 feet. 
Further, millions of tons of ore lie 
on the surface, and for many years 
mining will be by surface excava- 
tion. The ore contains about 35% 
titanium oxide and about 40% 
iron. In comparison, ore from the 
famous MclIntrye mine of the 
National Lead Company, which 
previously supplied most of the 
country’s titanium oxide ore, con- 
tains about 18%-19% titanium 
oxide. 

But it is a long way from the dis- 
covery to the finished product or 
even to the first mining operation. 
Before any mining was to be 
feasible, a suitable means for ex- 
traction of the titanium oxide from 
ilmenite had to be developed. Here 
the New Jersey Zinc Co., which 
had been carrying on titanium re- 
search since 1946, contributed an 
economical method of electrically 
smelting the previously inseparable 
ilmenite. In 1948 these two com- 
panies—Kennecott and New Jersey 
Zinc—merged their resources to 
form the Quebec Iron and Titanium 
1'4-cubic yard shovel begins mining on 


the first bench at Grader Lake, south of 
the main ore body. 


Diesel locomotive at “End of Steel”. Construction crews had to push a railroad through 
28 miles of this tough terrain. 


Corp. Kennecott retained a two- 
thirds interest, N. J. Z., one-third. 
Railroad Big Problem 

Now began the $30 million job 
of mining the ore, building a rail- 


- road to bring it to the St. Lawrence, 


shipping it to the smelter, and con- 
struction of the huge electric arc 
furnaces to smelt the ore. Actual 
mining presented no problem since 
the overburden ranged from zero 
to only a few feet. Trees could be 
cleared, moss and dirt dug away, 
and ore scooped up by a 1% cubic 
yard diesel shovel. The big problem 
was to transport the ore over the 
rocks and muskeg to the St. Law- 
rence. To do this Quebec Iron and 
Titanium built a 7% million dollar 
railroad over the almost impassible 
twenty-eight miles from Lac Tio to 
the St. Lawrence. Going north from 
the loading port on the St. Law- 
rence—Harve St. Pierre—the rail- 
road travels for two miles over level 
sand plain followed by three miles 
of muskeg and a 1600-foot span 
over the Romaine River. North of 
the Romaine the railroad cuts 
through four miles of muskeg, three 
miles of marine clay, and finally 
through fifteen miles of extremely 
difficult rock country. Since no 
gravel is available in most of this 
region all fill was obtained from 
rock cuts or borrow pits along the 
way. As an idea of the enormity of 
the project, 400,000 cubic yards of 
earth and sand, and 500,000 cubic 
yards of rock fill were needed to 
complete the twenty-eight treacher- 


ous miles. Besides this, 130,000 
cubic yards of muskeg had to be ex- 
cavated, and a 700-foot tunnel, a 
1600-foot span across the Romaine 
River, and a 156-foot bridge across 
the Puyjalon River had to be built. 
Meanwhile at Harve St. Pierre, 
the small fishing village at the 
terminus of the railroad, a 34 -mil- 
lion dollar construction began on 
loading docks, storage trestle, 
powerhouse, camps for the men, 
offices, and repair shops. Selection 
of Sorel, an industrial town fifty 
miles east of Montreal, as the site 
of the smelter, was governed by two 
prime requisites of the new plant: 
manpower and the tremendous 
quantities of electricity required for 
the furnaces. Here Shawinigan 
Water and Power contracted to 
supply power for the smelter 
whose furnaces consume 16,000 
kilowatts each. 
Long Trip From Mine to Smelter 
Now let us follow the ore as it 
procedes from the mine to the 
smelter. It is initially scooped from 
the first open pit at Grader Lake 
just south of the main ore body 
by a 1%-cubic yard diesel shovel. 
From the pit it is transported by 
truck to the railroad, where it is 
loaded into ten-car trains of sixty- 
five-ton Steep-Rock type ore cars. 
Two 100-hp disesel-electric loco- 
motives shuttle the loaded trains 
the twenty-eight miles to Harve St. 
Pierre, where they are pushed out 
onto the 574-foot ore trestle and 
dumped. Underground conveyors 
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siphon ore from the pile beneath 
the trestle and carry it onto the 
loading dock where a fixed boom 
tower loader loads the ore boat at 
at the unbelievable rate of 2000 to 
2800 tons per hour. At the present 
time ore is carried up the St. Lawr- 
ence from Harve St. Pierre by two 
10,000-ton leased freighters. A 
round trip from the loading dock to 
smelter and back can be made in 
six days. Diesel-electric power sup- 
plied by two 300-kw generators is 
used in operations at Harve St. 
Pierre, since the power consump- 
tion does not warrant the construc- 
tion of a hydroelectric plant, and 
since sea-going tankers can ade- 
quately and economically supply 
the fuel needs. 

At the 500-foot sheet pile dock 
at Sorel, a traveling Wellman un- 
loader employs an 8-ton clamshell 
bucket to unload the ore. After 
unloading, the ore is carried by belt 
conveyors to the storage piles. Plans 
are to build a reserve storage pile 
of a half million tons at Sorel. Since 
the river is impassible for four or 
five months a year, all ore for the 
winter months must be stockpiled 
while the river is free of ice. 


Ore and coal from the stockpiles 
are separately conveyed to a build- 
ing where they are dried and crush- 


ed from a 2-inch size to 5/8 
inches and then conveyed to the dry 
storage bins. A No. 2 buckwheat 
anthracite coal is used instead of 
coke because a more constant size 
with better physical properties is 
available, and the coal has a lower 
sulfur content than coke. From the 
storage bins the coal and ore are 
automatically weighed and mixed 
in a ratio of 15 parts of coal to 100 
parts of ore, then fed into storage 
hoppers or directly into surge bins; 
these surge bins supply the 76 
feeders in the top of the furnace. 
Largest Electric Furnace 

The furnace—one of five to be 
built in the near future— is the 
largest of its kind in the world. It 
is 54 feet long, 25 feet wide, and 
11% feet high; through the arched 
roof of the furnace protrude six 
2%-foot graphite electrodes at 
6%-foot centers. Current from 
three of the electrodes forms three 
arcs which curve down into the 
molten bath then back to the other 
three electrodes. The ore is fed 
continuously, by gravity, through 
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76 feeders spread in four rows 
along the chrom-magnesite sprung 
roof. As the ore is fed around the 
electrodes it melts at temperatures 
above 2900°F. Molten ore collects 
on a 25-foot hearth with the titan- 
ium slag floating on the top. The 
iron layer, usually twelve inches 
deep, is tapped every twelve hours, 
while the titanium oxide slag, vary- 
ing from thirty to forty inches, is 
tapped every four hours. The fur- 
nace is operated as a sealed unit 
under slight pressure. One of the big 
problems in the smelter is finding 
a suitable refractory for the furnace 
lining. The hot titanium oxide slag, 
containing about 70% ‘TiO,, cor- 
rodes any known refractory. The 
problem has been partially solved 
by feeding the charge along the 
sides and end walls of the furnace, 
thus enclosing the melt in unmelt- 
ed material and preventing diges- 
tion of the brick. 

Slag containing about 70% TiO, 
is tapped at about 1600°F, cast 
into 50-pound cakes by a pig ma- 
chine, cooled, and dumped outside 
the building. It is finally crushed 
to ¥-inch size and sold f.o.b. Sorel. 
Oddly enough, the slag, which is 
destined to become one of the 
whitest pigments known, is black, 
as is the ore from which it originates. 
The slag also contains about 8% 
iron. This iron is a necessary con- 
stituent and acts as a flux which 
keeps the slag fluid. The more coal 
used in smelting, the less Fe,0, is 


left in the titanium slag. 

The iron tapped from the furnace 
is charged directly into a 60-ton 
electric refining furnace where it is 
desulfurized and cast into 23x25- 
inch ingots weighing 7000 to 9000 
pounds each. 

Now with only one furnace in 
operation production is somewhat 
less than 300 net tons a day, but by 
the time all five melting furnaces 
and two refining furnaces are in 
operation it is hoped that the 
smelter will have a daily consump- 
tion of 1500 tons of charged 
material. Of this, about 500 tons 
will be iron; slag will reach about 
700 tons, the remaining 300 tons 
going off as CO which will replace 
the present oil as a fuel for drying 
the incoming ore. 

Market Precedes Product 

Now, what about the market? 
The iron is readily sold to the rapid- 
ly expanding steel industry around 
Montreal, while slag, which ulti- 
mately is expected to reach an 
annual value of five to ten million 
dollars, is already contracted for 
sale in the United States. Because 
of the acute shortage of lead, titan- 
ium has been rapidly replacing 
white jead as a pigment base. Titan- 
ium oxide also finds its way into 
numerous other industrial _ pro- 
cesses such as making paper opaque, 
making rubber white, ceramic 
glazes, in printing ink, in cosmetics, 
and in delustering artificial silk. 

(Continued on page $2) 


An 8-ton Wellman unloader empties an ore boat at Sorel. 





SCIENCE and TOMORROW 


By MARSHALL D. LAPP, EP ’55 


On last December 7 and 8, the 
University of Buffalo, a 105-year-old 
institution actively interested in 
stimulating the public, sponsored 
the Niagara Frontier Convocation 
on the theme “The Outlook for 
Mankind in the Next Half Cen- 
tury.” 

Among the many panels on 
themes varying from the next half 
century’s progress in health, to the 
prospects for peace with freedom 
for the next fifty years, was one of 
particular interest to the readers 
of this magazine—“Will Science 
and Technology Transform Our 
Lives During the Next Fifty 
Years?” 

Dr. Clifford C. Furnas, Director 
of the Cornell Aeronautical Labora- 
tory, skillfully moderated the sci- 
ence and technology panel, intro- 
ducing the speakers and offering 
pertinent remarks of his own. 


Method of Prediction 


The first speaker was Dr. George 
Russell Harrison, Dean of the 
School of Science of M.I.T. He be- 
gan by explaining the method by 
which any scientific prediction is 
made. This method involves ex- 
trapolation, in which past events 
are plotted as curves and _ these 
curves extended to fall into the 
region of the future. Dr. Harrison 
then stated that he believed that 
science and technology would trans- 
form our lives about four times as 
much in the next fifty years as in 
the last fifty years. The average 
productivity of the American 
worker doubles every few years, 
and, when extended, this curve 
shows us that in 2000, the average 
American’s output, and income 
along with it, will be eight times 
what it is today. The rapid increase 
in the number of educated men will 
also be a significant factor in the 
world of fifty years from now. At 
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present, the number of physicists 
is doubling every eight years. 

Dr. Harrison gave an interesting 
answer to those who question the 
wisdom of delving into the secrets 
of the atom. He would ask them, 
what of fire? Even though it can 
cook our meat, it can also burn 
down our homes, so would we be 
better off not having discovered 
fire? Regarding study of the atom, 
Dr. Harrison is optimistic; “The 
happiness will far outweigh the 
tragedy.” 

Dr. L. Grant Hector, Vice-Presi- 
dent of the Sonotone Corporation, 
spoke next. The tone of his speech 
-was set by his opening remarks. 
“.. Man, himself, will change very 
little in the next fifty years . . . only 
the details (of life) will change. 
These details will seem most impor- 
tant to the individual, but probably 
will not have a great effect on his 
character or on the general social 
consciousness, in other words, on 
the development of civilization in 


the broadest sense.” This viewpoint 
differs radically from those of sev- 
eral of the other speakers. 


Better Than Nature 


Among the changing details of 
life, Dr. Hector. first mentioned 
that we are becoming less and less 
dependent on nature for many of 
our stables. He cited the textile 
fields as an excellent example of 
this. We now have rayon, nylon, 
and orlon to replace cotton and 
silk, and dacron to replace wool. 
Many new products which started 
simply as substitutes soon excelled 
the natural products in the ordi- 
narily desired qualities and often 
developed new desirable qualities. 
The field of medicine is another 
fine example of this process. The 
gem industry offers a striking illus- 
tration. To tell the difference be- 
tween a natural ruby and synthetic 
one, look for the defects. The gem 
with the defects is the natural one. 


Besides improving upon nature, 


The speakers at the panel on Technology in the Next 50 Years were, front left to right: 
Thomas D. Phillips, Charles C. Price, L. Grant Hector, George R. Harrison, Clifford 
C. Furnas, and (speaking) Alexander P. deSeversky. 
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changes are occurring in man-made 
devices. In the field of music, new 
instruments are slowly making 
headway. We already have the 
Hammond Organ and the Baldwin 
Electronic Organ competing with 
the accepted pipe organ. New musi- 
cal instruments will be developed 
with tone qualities different from 
any of our present types. 

Dr. Hector’s views regarding 
atomic energy are of special note. 
He believes that although this form 
of energy is spectacular in that its 
source requires an extremely small 
space, it will never become practical 
where cval or oil are available. It 
may, however, be used in remote 
parts of the world and in ships or 
planes when it is desired that they 
go for long periods of time without 
refueling. From this, Dr. Hector 
points out that individual output 
and income of the worker will not 
increase from improved or 
cheaper sources of energy” but 
“. . will improve almost entirely 
from. . . scientific development [of 
new products] and increased in- 
dustrial efficiency.” 

In his own fields of physics and 
chemistry, Dr. Hector informed us 


that the greatest area of activity 
at present, which may give us an 
indication of the nature of things 


to expect in the future, is the 
physics of the solid state. The gas- 
eous and liquid states have been 
explored to some detail, but much 
less is known about the solid state. 
One of the first products to come 
out of this increased research is 
the transistor, an amazing con- 
tender for the job of the vacuum 
tube. (CorNELL ENGINEER, Dec. 
1951.) Much is expected from re- 
search of the solid state. 


Climate Control 

The third speaker was Dr. 
Thomas D. Phillips, Professor of 
Physics, Marietta College. Dr. 
Phillips believed that greater com- 
fort and improved production will 
be the aims of technology. A new 
area will be climate control. We 
must, however, not dive into this 
blindly, since the problem of climate 
control is extremely complicated, 
and we do not know what the result 
of our efforts will be. Dr. Phillips 
cited the difficulty of the problem 
by stating that, in many cases, 
scientists are not sure which are 
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causes and which are effects. “Is 
a dry treeless plain treeless because 
it is dry, or dry because it is tree- 
less?” 

In a more optimistic tone, Dr. 
Phillips told us that human physiol- 
ogy is the main field remaining open 
for new work in chemistry and 
physics. Cures for cancer, tuber- 
culosis, and polio are immediate 
goals. Much time is being spent in 
the study of the deterioration of the 
human body. Although it is not 
likely that a great deal will be done 
in the prevention of such deteriora- 
tion in the next fifty years, it is 
expected that a good deal of work 
will be done in the development of 


Major deSeversky spoke of “atomic bi- 
cycles in a global community.” 
adequate substitutes for human 
organs. We already have artificial 
limbs, false teeth, spectacles, and 
hearing aids. Insulin, thyroxin, cort- 
isone, and adrenalin can now be 
given by injection. The future looks 
bright, and it may not be too long 
before we have artificial hearts, 
lungs, kidneys, digestive tracts, and 
ductless glands. Such developments 
will be greatly accelerated if we 
are able to give the chemists and 
physicists more power and free- 

dom in their medical pursuits. 
Another area of scientific pro- 
gress stems from the fact that a 
given event or phenomenon may 
be described in more than one way. 
Thus, a table top may be measured 
to be a certain number of square 
inches or a different number of 
“triangular” inches (area enclosed 
by a triangle one inch on each side). 
In the same manner, properties of 


matter are described by the wave 
theory where it is useful to do so, 
and by the quantum theory where 
the latter becomes more useful. 
Simply because two methods of 
description are used does not mean 
that either is incorrect. The social 
scientists must accept this more and 
more. 

Dr. Phillips stated that although 
rearmament and atomic bombs will 
affect technology, they will not re- 
tard various non-military programs 
to any large degree. In relation to 
the atmosphere in which science 
and technology can best serve man- 
kind, he was emphatic in saying 
. . There must be freedom to 
pursue the truth without hindrance 
and without fear of reprisal.” 


Living Standards Raised 

The next speaker was Dr. Charles 
C. Price, Head of the Department 
of Chemistry, Notre Dame Uni- 
versity. His initial main point was 
that “scientific development pyra- 
mids, .. .and (thus) scientific pro- 
gress is. . . a continually accelerat- 
ed process.” Next, he emphasized 
the tremendous power of science 
and technology to develop the sub- 
standard areas of the world and to 
bring decent standards of living to 
the peoples of these areas. This will 
probably be the most effective eco- 
nomic and political influence of 
scientific and technological progress. 
In this same line of thought, in- 
creased knowledge of food tech- 
nology in particular, including pro- 
duction, processing, and distribu- 
tion, will free many from bondage 
to the soil for other useful en- 
deavors. Education and medicine 
will give us beter health, and the 
world will settle down to a stable 
population of about 2.5 billion. The 
tropical diseases will be fought, and 
those regions used for agriculture. 

The unifying force of science will 
also be felt quite strongly in the 
future, for “science is the same 
everywhere.” More will be said 
about this later. 

Major Alexander P. de Seversky, 
aeronautical consultant and_ in- 
ventor, spoke last. His opening re- 
marks were the very opposite of Dr. 
Hector’s. “. . .The nature of social- 
political relations on this planet— 
the very shape of society—will be 
basically altered before the end of 

(Continued on page 46) 
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The Musical Valued 


By IRWIN B. MARGILOFF, ChemE °53 


“However,” said the medieval 
medical man, “your weak lungs 
may possibly be made stronger if 
you take up the sackbut.” 

“Will it be painful, doctor?” 

“I’m afraid there’s a good chance 
that it will be.” 


At one time, secular instrumental 
music was regarded chiefly as a 
practical means of strengthening 
lungs, and as an accompaniment to 
the outdoor frolics and military 
functions. Playing the sackbut (the 
medieval form of the trombone) 
was sometimes prescribed for weak 
lungs because of the large amount 
of lung-power needed for its proper 
performance. Band music of the 
time was played on loud coarse 
instruments—or, more accurately, 
weapons—which were crude wooden 
affairs operated by very coarse 
reeds or the lips of the players. 
(Vocal music, on the other hand, 
had already attained a high de- 
gree of perfection.) The reed-oper- 
ated instruments were the ancestors 
of the modern woodwinds. The lip- 
operated were the forerunners of 
the modern brass. One of the later, 
but still crude, brasses was the 
“serpent,” which has been described 
as looking “like a disheveled drain- 
pipe suffering internally.” It prob- 
ably sounded like one. The serpent 
was a member of the keyed-brass 
series, about which more will be 
said later. 

Originally, the brass provided 
martial music for outdoor occasions. 
During the eighteenth century the 
strings made up the indoor orches- 
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The Serpent. This has been described as 
“a disheveled drain-pipe suffering in- 
ternally.” 


tra. Oboes and bassoons were then 
added, and later the clarinet and 
flute. Meanwhile the horn—the first 
of the orchestral brass—was intro- 
duced and promptly denounced as 
the possessor of a “crude and bar- 


baric” tone. Now we very often 
think of it as having a “mellow” 
tone. 

The horn will be discussed here, 
but these comments apply to the 
other brasses with suitable (but not 
fundamental) modifications for 
pitch, playing technique, etc. 


Fundamental Principles 


The horn waged a long fight in 
becoming an instrument fully cap- 
able of playing anything presented 
it, for this reason: Suppose a length 
of tubing possesses a mouthpiece 
over which a player may stretch his 
lips. When the lips are stretched 
properly, and when he blows into 
the tube, he may get the note f in 
Fig. 1. By gradually varying the 
force of his breath and the tightness 
of his lips across the mouthpiece, he 
may produce the rest of the notes 
in Fig. 1,—and only those notes. 
The range of the horn is from 2 
to about 16. 

(For the 


musically untrained, 


Fig. 1. The harmonic series. The notes marked X do not fit into our musical scales. 
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Figures 1-4 serve as qualitative 
guides in the discussion. Also, note 
that harmonics 7, 11, 13, and 14 
do not agree with our ideas of 
musical scales, and while they are 
just as satisfactory, physically, as 
the others in the series, they are 
not used in playing music. ) 

The numbers of the notes indi- 
cate the number of parts in which 
the column of air in the tube must 
vibrate to produce the notes. For 
note f, it must vibrate as a whole. 
For 2, it must vibrate in halves, 
for 3 in thirds, and so on. This is 
the harmonic series of the funda- 
mental f. It is mathematically just 
as clear as musically, that the 
upper notes of the series are closer 
together than the lower, because the 
numerical difference between 1 and 
1/2 is greater than the difference 
between 1/2 and 1/3. This holds 
also in the upper range, near 20, and 
as very high harmonics are reached, 
the intervals become smaller than 
the musical half-tone (which is 
the basis of all of our scales) and 
thus unsuitable for ordinary use. 

But there is a limit to the strength 
of the player’s breath, and the de- 
gree of tightness he can get in his 
lips. There is also a limit to his 
ability to differentiate between the 
lip pressures and breath pressures 
needed for the closely spaced higher 
notes. These limits determine the 
height of the playable notes above 
the fundamental. Anything above 
21 is practically impossible on a 
brass instrument. So to take part 
in a performance, the player of a 
tube of this type must skip around 
on his small group of playable notes, 
and be satisfied with them. He 
cannot play a chromatic scale 
throughout the range of his instru- 
ment; that is, he cannot play all 
the notes that exist between 1 and 
the upper limit of his technique, for 
not all occur in any one _har- 
monic series. All of the foregoing 
applies to vibrating strings, with 
the obvious differences that pluck- 
ing or bowing will set the string in 
motion. The string will vibrate in 
the same fractions and will yield 
the same relative series of notes as 
a column of air in a hollow cavity. 
Solution to Problems 

One of the earliest and most suc- 
cessful solutions to the problem of 
constructing a chromatic brass in- 
strument was the invention of the 
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sackbut. In fact, the only apparent 
difference between the medieval 
sackbut and the modern trombone 
was the probable absence of the 
same seven “positions” of the 
trombone slide. When the slide of a 
trombone is moved, its column of 
air is altered in length, and produces 
a new series of harmonics corres- 
ponding to the new tube length. By 
the correct movement of the slide, 
all the intervening notes can be 
played (the whole series in Fig. 1 
is moved to a new position), and 
the instrument is thus fully chro- 
matic. In fact, after a discussion of 


The Ophicleide. Used by Mendelssohn in 


Midsummer Night's Dream,” and 
visible on the cover of Punch. 


the valve system and its basic fault, 
the excellence of the trombone 
method will be very clear. Only the 
strings and the trombone are “un- 
tempered”—capable of adjusting 
very sensitively to new musical 
keys. All other instruments are not. 

Another method of achieving a 
chromatic scale was to weld sev- 
eral tubes of individually set pitches 
together. This was abandoned be- 
cause of the awkwardness of carry- 
ing so much metal around. One ex- 
perimenter welded four separate 
horns together into one unit. 

A system similar to the wood- 
winds was applied to the trumpet 
in these experiments. This takes 


advantage of the fact that a lat- 
erally bored hole in a tube ends 
the effective vibrating column of 
air at that point. Although this sys- 
tem of changing the notes which 
are producible provided great agil- 
ity, the tones themselves were 
not accurately pitched, and were of 
poor quality. The serpent was a 
member of this family of brasses. 
The last of these keyed brasses to 
disappear was the ophicleide, which 
until the advent of the bassoon 
and tuba basses in the nineteenth 
century was used as the orchestral 
bass. The keyed trumpet was the 
instrument for which Haydn wrote 
his trumpet concerto. An unsuc- 
cessful keyed horn was also attempt- 
ed. 

One may ask—why were the 
keyed brasses necessarily off the 
correct pitch? The answer is that 
the lateral holes were operated by 
keys directly above them; these 
were operated by the fingers or by 
simple arrangements for transmitt- 
ing the motion of the fingers. Since 
the player’s hand could not be 
twisted into any position that might 
be acoustically desirable, comprom- 
ises sometimes had to be made, and 
the lateral holes were sometimes 
bored with a view more towards 
anatomical than musical comfort. 

With the nineteenth century de- 
velopment of better metal-working 
techniques, many of the standard 
instruments were improved, both 
in tone and agility. Instrument 
makers such as Adolphe Sax and 
Boehm perfected the familiar in- 
tricacies of rods and levers on the 
woodwinds which were necessary 
to allow the correct location of 
holes, yet allow the player to play 
the instrument with his fingers in 
normal positions. These new tech- 
niques might have eliminated the 
off-pitch defects in the keyed brass, 
but not the intonation, the quality 
of which was still far below that 
of the simpler unimproved brasses 
with unbroken tubes. 

The Best Solution 

Prior to the development of the 
valve system so familiar today, 
“crooks” were used to change the 
length of the effective air column. 
These were coils of tubing which, 
when inserted into the main tube of 
the instrument, changed the fun- 
damental by altering the length of 
the combined tube. But when a 
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certain crook was in use, the player 
could play only those notes in 
the harmonic series of the funda- 
mental produced by that crook, 
and none other. The convenience of 
the crook system was that instead 
of carrying a large number of com- 
plete horns, one horn and a sack of 
crooks would do. Crooks were also 
applied to the trumpet. 

A major fault of the crook device 
is the lack of a single standard of 
lip tension, or embrochure. No 
matter what the tuning of the tube 
may be, the production of a tone 
which has a lower number in the 
harmonic series, will always be 
easier than the production of a har- 
monic which has a higher number. 
Thus, when the horn or trumpet on 
which he is playing is continually 
growing or shrinking, the player 
must adopt a different embrochure 
to play a note of the same number 
in the series of two fundamentals. 
And whenever the key is changed, 
the crook must be changed to play 
the notes in the new key. In Don 
Giovanni Mozart changes the tun- 
ing of the horns thirty-five times. 

The early attempts to construct 
a fully chromatic and portable in- 
strument were, then: 1. making a 
chromatic instrument too heavy for 
ordinary use (the four-horns-in- 
one), 

2. making a portable instrument 
at the expense of chromatic ability 
(the crooks), 

3. making an instrument both 
chromatic and portable, but with 
faulty intonation (the — serpent, 
ophicleide, ete.). . 

At this point the topic of whole- 
tube and _half-tube instruments 
must be introduced. If the taper of 
the bore is sufficiently wide, the 
tube will have the fundamental as 
its lowest note. But if the taper 
is slight and the tube is not suf- 
ficiently wide, then the first note 
that can be produced will be the 
first harmonic, or note number 2 
in Fig. 1. With a very loose lip and 
low breath-pressure a very unsatis- 
factory fundamental can be pro- 


duced; thus the designations half- 
and whole-tubes. The tuba is an 
example of a whole-tube. The horn 
trumpet, trombone and cornet are 
half-tubes. Thé tuba can yield its 
fundamental; the others cannot. 
The Valve System 

Finally, the valve idea was work- 
ed out and was applied first to the 
trumpet and then to the horn. The 
idea is quite simple, and may be 
thought of as a modification of the 
crook system. 

Suppose a note from the tube 
corresponds to the fundamental f 
in Fig. 1 To get a note one half-tone 
lower (the diamond-shaped note 
f’) the tube must be made longer. 
Accordingly, a tube is added with a 
connecting valve to the original; 
this will lower the fundamental of 
the combination of tubes one half- 
tone. A lowering of one whole-tone, 
or of three half-tones, is accom- 
plished by adding corresponding 
lengths of tubing to the original 
with corresponding valves. These 
form the basis of the valve system. 
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Fig. 2. Descending fundamentals. All the 
black notes have been added to the horn’s 
range. 

If the tube will produce f, in Fig. 
2, without any combined extra 
tubes, it will also produce the 
notes O, which are the first of 
the harmonics. If the half-tone 
tube is switched in, the fundamental 
will be f,, and notes 1 will be play- 
able When the second and third 
tubes are added, notes 2 and 3 will 
be available. With the proper 
method of connecting these extra 
lengths, so that they can be used in 
combination, the notes f,, fs, fa f,5 
and 4, 5, 6, 7, complete the desired 
series, because 

the three-halves (or one plus one- 
half) will yield f, 


the three-halves plus one-half 


Fig. 3. Four valves are required to descend & the tuba’s fundamental. 
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will yield f, 

the three-halves plus one will 
yield f, 

the three-halves plus one plus 
one-half will yield f,, and when all 
the tubes have been switched off 
the horn will produce f,, the tubing 
for which has already been added. 
In other words, the horn is built 
in f,, provided with a tube to pro- 
duce f,, and further provided with 
the means for proceeding stepwise 
down to f,. All the notes in black in 
Fig. 2 have been added to the orig- 
inal compass. 

Difficulties with Valves 

But the introduction of the valve 
system was not as easy as the fore- 
going may seem, for while the indi- 
vidually added tubes may be at 
correct pitch when they are added 
to the main tube singly, they will 
not be at correct pitch if added in 
combination. What is to be done? 
Are the additions to be calculated 
on the basis of the main tube’s 
length, the main tube plus the half- 
tone addition, or what? Whatever 
is done, the resulting notes made by 
the combinations will not be in 
tune. 

Rather than abandon such a 
promising invention, many schemes 
have been worked out to correct 
the basic faults of the valves. 
There are the Sax Six-Valve Inde- 
pendent System, which employs a 
separate tube for each descending 
fundamental, the Rudall-Carte- 
Klussmann System, which uses con- 
ically-shaped additions, instead of 
the cylindrical ones used in the 
other systems, and many other 
systems of “compensating” valves, 
which automatically correct the 
inaccuracies in the combinations 
of valves. 

Trombones and Tubes 

Throughout the history of the 
horn the trombone has not changed, 
because it has always been able to 
change the length of the vibrating 
air-column merely by pushing its 
slide in or out. The seven positions 
of the trombone are identical in 
responsibility to the seven com- 
binations of valves on the valved 
brass. 

When the valve system is applied 
to the tuba—a whole-tube instru- 
ment—there remains a gap of 
several notes between the funda- 
mental, which is the lowest possible 

(Continued on page 38) 
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Whether 1'2 pounds or 7 tons. . . forgings get the same 
sensitive handling 

Crucible’s reputation as the specialty steel leader is 
built on a devotion to the smallest detail... regardless 
of the size of the order. 

These forgings are good examples of Crucible spe- 
cialists at work: 





CSM-2 Plastic 
Mold Forging 
(14,000 pounds) 


; This CSM-2 plastic mold 

In; > . a .  ,. steel forging was made 

Rex M-2 High Speed Steel Dise Forging Pe ...., a 25.000-pound 

(1% pounds) ingot. This block will be heat-treated and worked to 

produce a mold for the manufacture of large plastic 

parts. The finished weight of the forging is 14,000 

pounds. And it is the largest mold forging yet produced 
by Crucible. 


Pancake forgings such as these are used extensively by 
small tool makers. Extreme care is taken in the prepara- 
tion of the slug stock. 
The upsetting insures 
proper flow lines. Mill- 
ing cutters, gear shavers J : . ° 
oonll daaiion caliteig sala! .) Engineering service available 

that require maximum [4% | Crucible’s engineering service is geared to meet your 
toughness, coupled with § ' "| research and development problems. If you use special 
the best cutting ability, § Jee: | eee en forgings, or any special purpose steel, check with Cruci- 
are made from these (ee | ble. Crucible Steel Company of America, General Sales 
forgings. ‘ re and Operating Offices, Oliver Building, Pittsburgh, Pa. 


siaiinidiiiiaaaeaniaaa 








CRUCIBLE first name in special purpose steels 
52 years of, | Fine steclmaking 


Midland Works, Midland, Pa. ° Spaulding Works, Harrison, N. J. ° Park Works, Pittsburgh, Pa. * Spring Works, Pittsburgh, Pa. 
National Drawn Works, East Liverpool, Ohio « Sanderson-Halcomb Works, Syracuse, N. Y, «* Trent Tube Company, East Troy, Wisconsin 
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GE Establishes Lab Here 


It has been announced recently 
that the General Electric Company 
will establish an advanced elec- 
tronics center at Cornell University, 
to be located near the Ithaca East 
Hill Airport, only a few miles from 
the main Cornell campus. 

A pioneer venture in educational 
and industrial research cooperation. 
it is aimed at carrying out advanced 
study and development in_ the 
electronics field while providing 
scientists and engineers unique 
teaching and educational opportun- 
ities. It is estimated that about 80 
scientists and technicians will be 
emploved at the center during 1952. 

Pictured here is an artists sketch 
of the laboratory, illustrating its 
extensive layout. 


Kantrowitz at Harvard 


Professor Arthur Kantrowitz of 
the Graduate School of Aeronauti- 
cal Engineering has been appointed 
visiting lecturer in fluid mechanics 
at Harvard’s Division of Engineer- 
ing Sciences. He will teach a course 
in gas dynamics and also be respon- 
sible for a seminar taking up such 
problems as jet propulsion and 
chemical kinetics. 

Two other faculty members of the 
Aeronautics School in recent news 
were Professor W. R. Sears, director 
of the school, and Associate Pro- 
fessor Nicholas Rott. Professor 
Sears presided as chairman of the 
aerodynamics session of the recent 
meeting of the Institute of the 
Aeronautical Sciences. The meet- 
ing was held in New York an Jan- 
uary 28. Professor Rott presented 
a paper prepared by Lewis Crab- 
tree, a graduate student, and him- 
self. The paper concerned “Sim- 
plified Calulations of Three Dimen- 
sional Boundry Layers.” 


New Gaging Test 


In order to overcome a lack of 
up-to-date material in the field of 
gaging, a new text has been put 
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out by members of the Department 
of Materials Processing. The 127 
page publication is at present avail- 
able in mimeographed form. It illus- 
trates the more common industrial 
measuring devices and describes 
and depicts working principles of 
equipment from micrometers to 
ultra-precise comparators. A more 
advanced manual considering 
quality control techniques, automa- 
tic sorting, and specialized tech- 
niques, is planned by the authors, 
Professor R. L. Geer and A. S. 
Dispensa. Professor Geer has de- 
veloped a special laboratory con- 
taining $80,000 worth of gaging in- 
struments. When installed in the 
new Materials Processing Labora- 
tory, it will permit measurements to 
a few millionths of an inch. 


Gillett Memorial Lecture 


The American Society for Test- 
ing Materials has announced the 
establishment of an annual H. W. 
Gillett Memorial Lecture. 

Commemorating Dr. Horace W. 
Gillett of the class of 1906, the lec- 
ture will be delivered annually at a 
meeting of the society. The lecturer, 
who will be selected through a com- 
mittee appointed by the society’s 
board of directors, will cover a sub- 
ject pertaining to the development, 
testing, evaluation and application 
of metals and alloys. 

Dr. Gillett, who received the Ph. 
D. degree at Cornell in 1910, was 


long a member of the society and 
was the first director of the Battelle 
Memorial Institute, Columbus, 
Ohio, which is cooperating to spon- 
sor the lecture. 


Engineering Log Book 


The Student Engineering Council 
has organized a plan which, it is 
hoped, will prevent conflicts in the 
activities of the numerous engineer- 
ing groups and societies on the 
campus. A log book, in which will 
be recorded all future meetings and 
projects of the various organiza- 
tions, is being placed in the Engi- 
neer’s Lounge in Sibley basement. 
Groups will be able to consult this 
centrally located log when plan- 
ning their activities ahead of time 
and thereby keep to eliminate un- 
necessary difficulties arising from 
conflits. 


ASCE Lecture 
Mr. E. J. Swatek, a Cornell 


alumnus and chief design engineer 
for the contracting division of 
Dravo Corporation, was guest 
speaker at the meeting of the 
Ithaca section of ASCE on Jan- 
uary 28. The meeting was held in 
Willard Straight Hall after a din- 
ner for the members. The meeting 
was also attended by the student 
chapter. Mr. Swatek spoke on the 
construction of Monongahela River 
lock of which he was chief designer. 
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Nobody can buy a length of cast iron pipe 
unless it has passed the Hydrostatic Test at the foundry. 
Every full length of cast iron pipe is subjected to this 
test under water pressures considerably higher than 
rated working pressures, It must pass the test or go 
to the scrap pile. 


The Hydrostatic Test is the final one of a series of 
routine tests made by pipe manufacturers to assure 
that the quality of the pipe meets or exceeds the re- 
quirements of standard specifications for cast iron 
pressure pipe. 

Few engineers realize the extent of the inspections, 
analyses and tests involved in the quality-control of 
cast iron pipe. Production controls start almost liter- 
ally from the ground up with the inspection, analysis 
and checking of raw materials—continue with con- 
stant control of cupola operation and analysis of the 
melt —and end with inspections and a series of accept- 
ance and routine tests of the finished product. 


Members of the Cast Iron Pipe Research Associa- 
tion have established and attained scientific standards 
resulting in a superior product. These standards, as 
well as the physical and metallurgical controls by 
which they are maintained, provide assurance that 


THE HYDROSTATIC TEST 


cast iron pipe installed today will live up to or exceed 
service records such as that of the 130-year-old pipe 
shown. 

Cast iron pipe is the standard material for water 
and gas mains and is widely used in sewage works 
construction. Send for booklet, “Facts About Cast 
Iron Pipe.” Address Dept. C., Cast Iron Pipe Research 
Association, T. F. Wolfe, Engineer, 122 So. Michigan 
Ave., Chicago 3, Illinois, 


Section of 130-year-old cast iron water 
main still in service in Philadelphia, Pa. 





PIPE civronits 


(CAST IRON 
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Carbide Twist Drills 


Comprehensive laboratory tests, 
followed by actual production ap- 
plications over extended periods 
of time, have now clearly demon- 
strated that cemented carbide twist 
drills can drill holes in cast iron 
at least twice as fast as high speed 
steel drills. At these higher speeds 
drill life is roughly three to four 
times that of steel drills. In addi- 
tion it has been demonstrated that 
carbide drills can be used to advan- 
tage even where increased speeds 
are not possible. Operating at the 
same speeds, they give a tool life 
around ten times that of high speed 
steel drills. 

A typical carbide-tipped twist 
drill is made simply by inserting a 
standard carbide twist drill tip in 
the end of a conventional high 
speed steel twist drill. 

With this type of drill, consis- 
tently uniform results are now be- 
ing obtained, using the same drill- 
ing equipment as was formerly used 
with high speed steel drills. Pre- 
cautions to be taken, as far as 
machine and fixture conditions are 
concerned, do not differ from good 
practice for high speed steel drill- 
ing. Prime requirement—if it is 
desired to take advantage of the 
increased drilling speeds and feeds 
made possible by carbides—would 
be that the drilling equipment 
simply have enough power to take 
care of the increased rate of chip 
removal. 


New Type Mounting 


High-precision controls and other 
devices for jet aircraft of the future 
may be nearly shock-proof as a 
result of a new “center-of-gravity” 
type mounting. 

The new mount, designed to iso- 
late the controls from vibration and 
shock encountered in modern high- 
speed aircraft, was developed by 
General Electirc Company engineers 

at Schenectady, N.Y., with the 
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A conventional high speed twist drill with 
carbide insert. 


co-operation of the Naval Bureau 
of Aeronautics. It resembles a small 
platform suspended by a coil spring 
at each of its four corners. 

Key. to its effective operation 
is the location of the control to be 
protected. The control is placed 
on the mount so that its center of 
gravity is an equal distance from 
each of the four supporting springs, 
and in the same geometric plane. 
This eliminates unbalanced move- 
ment and enables the springs to 
withstand shock from any direction, 
they said. 

In addition, each spring is con- 
structed of metal layers of differ- 
ent thicknesses. These layers have 
widely differing reactions to vibra- 
tion so they tend to “snub” or neu- 
tralize one another and thus elimi- 
nate resonant vibrations. 

In their first use in aircraft, the 
new mounts will carry G-E voltage 
regulators, devices which maintain 
a constant output of electric power 
for the plane’s generators—all-im- 
portant in highly-electrified modern 
aircraft. 

About the size of a box camera, 
it weighs 3% pounds when at rest. 
Under shock conditions, however, 
this weight is multiplied greatly as 
forces equal to ten times the earth’s 
gravitational pull are exerted. This 
much force, engineers explained, 
might be encountered in extreme 
shock during landing, pulling out of 
a steep dive, or in a sharp turn. 


All-Glass Paper 


Paper composed entirely of glass 
fibers, with no additive, has been 
made for the first time at the 
National Bureau of Standards, in 
cooperation with the Naval Re- 
search Laboratory. 

The all-glass paper has several 
important applications. As an air- 
filter paper, tests show the new 
paper to be many times more effect- 
ive than present commerical filters. 
It seems particularly valuable for 
gas masks and respirators used by 
firefighters, industrial and medical 
workers, and military personnel. In 
gas-mask tests in a smoke-filled 
room, only one smoke particle in 
100,000 passed through the glass- 
paper filter. 


Until now, many air filters have 
relied considerably on imported raw 
materials. Glass, however, can be 
produced from raw materials found 
abundantly in the United States. 


Another important advantage of 
the all-glass paper is its high re- 
sistance to effects of heat, moisture, 
chemicals and micro-organisms. It 
has excellent electrical character- 
istics and should be valuable as an 
insulator and dielectric. For in- 
stance, it can be used to make oil- 
impregnated paper capacitors cap- 
able of operating even at tempera- 
tures above 200°C; suitable oils 
are available which withstand such 
temperatures, but the kraft paper 
commonly used is unsatisfactory for 
prolonged operation at tempera- 
tures much above 100°C. 

In the manufacture of ordinary 
paper, vegetable fibers are pro- 
cessed with water in a “beater,” 
which bruises the fibers and forms 
minute fibrillae. Prolonged beat- 
ing reduces some of the cellulose to 
a gelatinous substance that cements 
the fibers together and strengthens 
the paper. With glass, on the other 
hand, bruising tends to weaken the 
paper, and no binding agent is 

(Continued on page 36) 
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Keep Learning...but start earning at SPERRY 


GRADUATE ENGINEERS — Join Sperry’s 
engineering team. In one of the 
research, product development or field 
jobs now open, you can apply your 
knowledge immediately and keep on 
learning with pay. 

Good starting pay. Salary increases 
as vou progress. You'll enjoy the advan- 
tage of working with acknowledged 
leaders in their fields. And there are no 
routine jobs at Sperry. Every job is a 
challenge to originality, the fresh 
approach. We offer many incentives for 
advanced study and the advanced 
thinking so helpful in getting ahead. 

immediate Openings 
... for Aeronautical, Electrical, Elec- 
tronic, Mechanical Engineers — Physi- 
cists — Technical Writers — Field 
Engineers for applied engineering both 
in this country and abroad. 
You'll Work in Long Island 

* Attractive location—comfortably out- 
side of but convenient to New York. 
Good housing and living conditions. 





Modern plant. Well-equipped labo- 
ratories. Excellent working facilities. 
Or in the field, there are excellent 
applied engineering opportunities in 
other parts of the U. S. and overseas. 


Opportunities for rapid advancement. 
Encouragement to continue your 
education, while you earn. 


Liberal employee benefits. 


You'll Work Under a Great 
Leadership Tradition 
The Sperry Gyroscope Company—with 
its 40-year tradition of tackling and 
solving difficult problems—is the recog- 
nized leader in developing automatic 
controls for navigation. From Sperry’s 
work in gyroscopics and electronics 
have come the Gyropilot* flight con- 


troller. Zero Reader* flight director, 
radar, servo-mechanisms, computing 
mechanisms, communications equip- 
ment and many other products used in 
the air, on land and at sea. 

Sperry sponsored the development of 
the klystron tube — the first practical 
source of microwave energy. From 
Sperry pioneering have come a com- 
plete line of Microline* instruments for 
precision measurement in the entire 
microwave field. 

We want more men like those who 
have built up this fine record for Sperry 
— men who can think and work crea- 
tively, and get a thrill out of tackling 
and solving tough problems. It will pay 
men with such qualifications to write... 

Employment Section 1 A 5 


T. 4. REG U.S PAT. OFF 


OF THE SPER RY CORPORATION 


¢ PER GYROSCOPE COMPANY 


GREAT NECK, NEW YORK - CLEVELAND - NEW ORLEANS - BROOKLYN - LOS ANGELES - SAN FRANCISCO - SEATTLE 
IN CANADA-—SPERRY GYROSCOPE COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC 
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aculty Profile 


By JANICE BUTTON EP °54 


The Engineering Physics school, 
youngest of the family in the En- 
gineering College, has tor its As- 
sistant Director a man who exem- 
plifies in his training and exper- 
iences the wide range of interests 
and high ideals of the school he 
helped to organize. Though busily 
engaged in teaching and adminis- 
trative duties, Prof. Trevor Rhys 
Cuykendall has made significant 
contributions to various fields of 
science and engineering. 

Prof. Cuykendall’s formal school- 
ing was of a nature to make him 
well-qualified for teaching and ad- 
vising students in such a school 
as Engineering Physics. A graduate 
of the University of Denver in Coio- 
rado with a B.S. degree in electri- 
cal engineering, he worked briefly 
for Western Electric Company in 
Chicago and then returned to the 
University of Denver for his M.S. 
degree in physics. He had two years’ 
experience as an engineering math- 
ematics instructor at Denver and 
spent one summer studying physics 
and math at the University of Cali- 
fornia in Berkeley. 

Prof. Cuykendall came east to 
Cornell with a teaching assistant- 
ship in physics. He was soon pro- 
moted to the postion of instructor, 
and in 1935 he received his Ph.D. 
in physics, his thesis being concern- 
ed with X-ray work. 

Far from being just another en- 
gineer-turned-physicist, | however, 
Prof. Cuykendall has delved into 
many different realms of science. 
He is probably best known for his 
work in mechanics, in which field 
sophomore E. P.’s first come in con- 
tact with him, although he did not 
specialize in this phase of engi- 
neering before the completion of his 
graduate study. His interest in 
mechanics resulted in five weeks 
of intensive study in a special sum- 
mer course on properties of mater- 
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ials at M.LT. in 1937. Since that 
time, the professor has been en- 
gaged in various research and con- 
struction programs. As a consultant 
to the U.S. Engineer Department, 
he played an important role in the 
building of Whitney Point Dam and 
Washington National Airport, for 
which he analyzed foundation 
stresses in earth embankments with 
the use of gelatin as a photoelastic 
medium. In another pre-war job, 
he collaborated with Professor 
Winter of the C.E. school in re- 
search on characteristics of light- 
weight structural shapes for the 
American Iron and Steel Institute. 


In 1941 Prof. Cuykendall took 
a leave of absence from Cornell to 
make a direct contribution to the 
war effort. For two and a half years 
he was a senior physicist with the 
Naval Ordnance Laboratory in 
Washington, D. C., where he was 
engaged in the development of mag- 
netometers — devices which, by 
measurement of small variations in 
the earth’s field, can be utilized 
for detection purposes. Subsequent- 
ly, he went to Los Alamos, New 
Mexico, where he participated in 
research, much of which is. still 
classified. 

Since his return to Cornell in 
November of 1945, Prof. Cuyken- 
dall has done consulting work for 
the National Bronze and Aluminum 
Foundry Company and for Oak 
Ridge National Laboratories in ad- 
dition to studying fatigue of 
ship welds. In collaboration with 
Prof. Henri Sack of the physics 
department here at Cornell, he has 
done a considerable amount of re- 
search in the determination of soil 
moisture and density by gamma- 
ray and neutron scattering. Results 
have been published in two reports 
of the Civil Aeronautics Adminis- 


(Continued on page 26) 
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A significant development in magnesium is taking 
place at Dow’s newly acquired magnesium plant 
at Madison, Illinois. Dow, long a pioneer in the 
production and fabrication of magnesium, is in- 
stalling the first and only continuous magnesium 


rolling mill in existence today. 


Other mills for magnesium are hand operations in 
which 140 lb. slabs are broken down and mag- 
nesium rolled a sheet at a time, a maximum of 48 


inches wide. Dow’s new mill will process 2,000 lb. 


Dow's Booklet, ‘Opportunities with The Dow 
Chemical Company,” especially written for those 
about to enter the chemical profession, is avail- 
able free, upon request. Write to The Dow 
Chemical Company, Technical Employment, 
Midland, Michigan. 


slabs on 84 inch coils, marking a tremendous 
advancement in production methods and result- 
ing production capacity. 

The Madison plant, which has 1,400,000 feet of 
floor space and 110 acres of land within its 
boundaries, will house not only this magnesium 
mill but also facilities for extrusion and alloy oper- 
ations. It is but one of the many new developments 
that indicate the continual growth and expansion 
taking place at The Dow Chemical Company. 


THE DOW CHEMICAL COMPANY 


Midland, Michigan 
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Profile 


(Conitnued from page 24) 


tration, and studies are still going 
on. Other research, also with Prof. 
Sack, has concerned the investiga- 
tion of internal friction and ane- 
lastic properties of materials. 

Prof. Cuykendall has found re- 
lief from his strenuous professional 
life in such hobbies as hiking and 
color photography. Mountain- 
climbing on peaks in Colorado and 
some of the San Juan range in New 
Mexico has afforded him much 
pleasure and enabled him to add to 
nis mineral collection. 


Prof. Cuykendall’s home boasts 
a fair-sized wood-working shop 
where his son, who is just beginning 
high school, spends much of his 
time. Another possession is a phono- 
graph built by the professor which 
has amplifiers of unusual design 
giving high fidelity with a small 
speaker. Prof. Cuykendall’s interest 
in music, which dates from the days 
when he played trumpet in the 
University of Denver orchestra and 


band, has resulted in the collection 
of a fine library of records. 

Besides instructing fourth-term 
E.P.’s in Strength of Materials and 
directing the work of a number of 
fifth-year students and graduates, 
he has also acted as a class adviser 
and has assisted many E.P.’s in ob- 
taining summer jobs and permanent 
employment. The training and ex- 
perience which enabled Prof. Cuy- 
kendall, with Dean Hollister and 
the school director, Lloyd P. Smith, 
to set up such a fine program as 
Engineering Physics, make the 
professor’s help invaluable in con- 
tacts between students and _ in- 
dustry. 

Further evidence of Prof. Cuy- 
kendall’s teaching ability was his 
engagement by the Oak Ridge 
School of Reactor Technology as a 
visiting professor for the fall term 
of 1950. While there he carried on a 
research problem in connection with 
the Oak Ridge reactor and helped 
to train young scientists for the 
sort of work in which many of his 
Cornell students may eventually 
be employed. 


Prof. Cuykendall’s ability and 
achievements have been recognized 
by Sigma Xi, Phi Kappa Phi, and 
Kappa Delta Pi, education honor- 
ary. For his work during the war 
he was honored by the Naval Ord- 
nance Development Award. 

Publications by Prof. Cuykendall, 
whose professional affiliations in- 
clude membership in the American 
Physical Society and the American 
Association of University Profes- 
sors, number some fifteen papers 
on such topics as X-ray absorption, 
the determination of very short 
time intervals, photoelastic analy- 
sis of foundations for earth dams, 
temperature dependence of Young’s 
Modulus, and high-voltage cathode- 
ray oscilloscopes. These are indica- 
tive of his wide range of interests 
which have taken him into so many 
fields of science. 

Professor Cuykendall’s purpose, 
as well the goal of the Engineering 
Physics school as a whole — the 
“application of the methods of phy- 
sical science to engineering prob- 
lems”—has been admirably ful- 
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Hitting modern military targets 


poses ever-new 
engineering problems 


Increasing emphasis in speed and mobility in modern 
warfare intensifies the problem of destroying 
the target — takes it out of the reach of manual ability 
and into the realm of electronics. Electrical 
and mechanical engineering — of the highest skill 
and ingenuity — are required. 

Since 1918, Arma Corporation has worked closely with 
our Armed Forces and American Industry in 
pioneering and developing equipment to solve such 
problems. Today, Arma is in the forefront in 
supplying these precision instruments for our nation’s 
defense, through techniques which tomorrow 
can be widely applied. 
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This booklet — “Engineering at Arma” — describes in 
detail the challenges of an engineering career at Arma. 
It can open new horizons to you. Write today for your 
copy to Engineering Division, Arma Corporation, 254 36th 
Street, Brooklyn 32, N. ¥. 
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BEHIND THE SCENES IN 


CORNELL'S PC 


Two branches of Cornell University which receive 
which are constantly supplying a valuable service to t 
the Department of Buildings and Grounds. These divis 
plants which together supply most of the steam heat a 
quarters of its electric power. 


Of the average 700,000 KWH of electrical energ 
are supplied by the steam plant's power substation an 
remaining 200,000 KWH are generated by the Itha 
Although several buildings have their own heating fac 
the heating plant. 


This highly automatic heat and electric power sys 
guard against breakdowns. 


The pictures included on these pages show some o 
power and illustrate the maintenance operations neces) 
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Above: Cornell’s steam plant as viewed from 
Kite Hill. 


Below: Ken Rosencrans checks the temperature of 
a bearing on the main shaft of a water turbine at the 
University’s hydroelectric plant. 








Above: Fireman, Kenneth Neubet 
fire heating one of the boilers in the s) 





Above: Prope. 

to the operation o 
generating system 
speed governor ¢ 














By ROBERT M. STUCKELMAN, EE ’54 


very little attention by the faculty and students, but 
em are the Heat and Power Generation Divisions of 
ons operate one steam plant and two hydro-electric 
d hot water used by the University and about three 


y used each month at Cornell, about 100,000 KWH 
7d 400,000 KWH by the two hydro-electric plants. The 
ca branch of the New York Gas and Electric Company. 
ilities, most of the heat for the University is supplied by 


tem runs smoothly, but requires constant vigilance to 


f the equipment used to produce heat and electric 
| sary for continuous operation. 


it inspects the 
team plant. 


i 
r care of the governors is essential 
| £ Cornell's highly automatic power 
. Here, Ken Rosencrans oils a load- 
it one of the hydro-electric plants. 





Above: At the steam plant, Kenneth Neubert 
adjusts control settings for the Diely Boiler which 
produces 250,000 pounds of steam per hour. 


Below: Engineer, Harold Terwillegar, checks the 
215 KW steam turbo-generator which is part of the 
electric power generating system. 
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Acetylene still shows the # 


Your nicest textiles—as well as vitamins, headache remedies, plastic garden hose, 


or welding on your car—may stem from this versatile gas 


FORTY YEARS AGO acetylene gas made from calcium 
carbide was used for home and street lighting, and was in 
common use for bicycle and automobile lights. Though 
these old lights have long since gone out, acetylene has 
gone on to chemical greatness. 


IN CHEMICALS —Today, acetylene is the parent of hun- 
dreds of chemicals and chemical products used to make 
plastics, insect sprays, vitamins, aspirin, sulfa drugs and 
many other things. 


Acetylene is the source of some of the basic chemicals 
in dynel, the new wonder textile fiber. It also goes into 
the Vinylite plastics used in beautiful home furnishing ma- 
terials, protective coatings, and a host of other products. 


IN METAL FORMING -— In the production and use of 
metals, acetylene teamed up with oxygen has revolution- 
ized many industries. From mines-to-mills-to-manufacturer, 





UCC’s Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include 


you will find oxy-acetylene cutting, welding and metal 
conditioning. 


50 YEARS OF PROGRESS—The people of Union Car- 
bide have produced acetylene for over half a century. 
Through continuous research they have made many re- 
markable acetylene discoveries important in the lives of 
all of us. 


STUDENTS and STUDENT ADVISERS 
Learn more about the many fields in which Union 
Carbide offers career opportunities. Write for the 
free illustrated booklet “Products and Processes” 
which describes the various activities of UCC in the 
fields of A.toys, Carpons, CHemica.s, Gases, and 
Piastics. Ask for booklet O-2. 


Union CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET NEW YORK 17, N.Y. 





Prest-O-LirTE Acetylene - LINDE Oxygen - PRESTONE and TREK Anti-Freezes - BAKELITE, KRENE, and VINYLITE Plastics - SYNTHETIC ORGANIC CHEMICALS 


NATIONAL Carbons « ACHESON Electrodes + PYROFAX Gas » HAYNES STELLITE Alloys -» ELECTROMET Alloys and Metals - EVEREADY Flashlights and Batteries 
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An All-Season Ventilating System 


When the first show of the San 
Antonio Livestock Exposition was 
held last year in the new Bexar 
County Coliseum, San Antonio, 
Texas, spectators and_ exhibitors 
found the huge oval-shaped struct- 
ure was equipped with a unique 
heating ventilating system 
that maintains comfortable tem- 
peratures the year around. 

Designers of the massive build- 
ing, which is used for all types of 
athletic well as rodeo 
productions and livestock exhibi- 
tions, overcame many of the prob- 
lems of heating and ventilating by 
transforming the space under the 
balcony tiers into a large air cham- 
ber. In this chamber, pressurized air 
is collected for distribution into the 
amphitheater. During cold weather, 
the air is heated by 16 gas-fired 
“Counteflo” heaters, developed by 
Dravo Corporation of Pittsburgh. 
During the summer, only the heater 


and 


events, as 


Photographs Courtesy Dravo Corporation 


A large amphitheater’ in 
Texas is air-conditioned using 
the space under the balcony 


tiers as an air reservoir. 


Each balcony seat has its 


own air outlet. 


Forced air supply outlets under each seat. Each balcony seat has an individual air supply 
outlet. 


Air supply ducts leading from the unused 
area back of the balcony are shown above 
the box seats. 


fans are operated to help ventilate 
the building. 

Each of the 5996 balcony seats, 
in effect, has its individual heating 
and ventilating system. In the rein- 
forced concrete risers of each bal- 
cony tier are air discharge outlets 
spaced about 20 in. apart. These 
outlets, 3-in. pipe sleeves that were 
set in the forms before the con- 
crete was poured, carry air from 
the plenum chamber behind the 
balcony into the arena. 


The box seats, which accommo- 
date 1560, encircle the arena of the 
coliseum. They are supplied with 
air through 24 ducts extending from 
the heaters to 40 in. by 6 in. grille 
openings above and just behind the 
box seat area. Similar ducts trans- 
port air to the big bandstand over 
the rodeo entrance at the north end 
of the building. 

There are no piers, columns or 
other view-obstructing structural 
supports in the building, making 

(Continued on page 4+) 
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Television joins the microscope 

in a major scientific advance, 

pioneered at the David Sarnoff 

Research Center of RCA, Princeton, N. J. 


Microbes 


Until recently, scientists found it difficult 
to keep microbes alive for study—at high 
magnification—in light microscopes. Dyes, 
used to make them visible, killed some. 
Others were destroyed by the intense 
light. 

RCA scientists have solved this problem 
by making television a working partner of 
the microscope. “Eye” of their new system 
is a tiny industrial television camera built 
around RCA’s sensitive vidicon television 
tube. No intense light is needed, since this 
electron tube “sees” at extremely low light 
levels. And by making the tube sensitive to 
the red or violet bands of the spectrum, dyes 
and stains are eliminated, 


star wa lelevi S 10 nh 


in war against disease! 


With RCA’s system, research men can watch 
living germs or cells—immensely magnified— 
on the screen of a television set. Many are able 
to watch at a time. Students can be more easily 
trained. And science learns more about disease 
by watching live micro-organisms. 

Improving the microscope by teaming it 
with television is an example of the many 
paths explored by RCA Research. You bene- 
fit directly by better performance from any 
instrument or service of RCA or RCA Victor. 


* s 


See the latest in radio, television, and electronics at 
RCA Exhibition Hall, 36 West 49th Street, N. Y. 
Admission is free. Radio Corporation of America, 
RCA Building, New Yovk 20, N. Y. 








CONTINUE YOUR EDUCATION 
WITH PAY—AT RCA 


Graduate Electrical Engineers: RCA 
Victor—one of the world’s foremost manu- 
facturers of radio and electronic products 
—offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary with opportunities for ad- 
vancement. Here are only five of the many 
projects which offer unusual promise: 

© Development and design of radio re- 
ceivers (including broadcast, short-wave 
and FM circuits, television, and phono- 
graph combinations ). 

® Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems, 

© Design of component parts such as 
coils, loudspeakers, capacitors. 

© Development and design of new re- 
cording and producing methods. 

© Design of receiving, power, cathode 
ray, gas and photo tubes. 

Write today to College Relations Divi- 
sion, RCA Victor, Camden, New Jersey. 
Also many opportunities for Mechanical 
and Chemical Engineers and Physicists. 





Rapio CORPORATION OF AMERICA 


World leader in radio—first in television 
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BOOK REVIEW 


MECHANICS OF MATERIALS, 
by Harry D. Conway, Professor, 
Department of Mechanics, Cornell 
University. 1x+325 pp; Prentice 
Hall, New York, 1950. $4.75. 

The content of many traditional 
textbooks entitled “Mechanics of 
Materials” or “Strength of Mater- 
ials,” may well be more accurately 
described as the statics of deform- 
able elastic bodies in that it treats 
the stresses and deflections of cer- 
tain special shapes (rods, beams, 
columns) under simplified loads 
and is generally satisfied when a 
formula relating stress to loading 
and dimensions is achieved. This 
rather restricted point of view has 
been handed down to us from the 
great school of French mathemati- 
cians of the early 19th century who 
developed the subject; they had 
little, if any, consideration for those 
actual properties of materials and 
their mechanism of failure so im- 
portant in present day design. Since 
the subject was, they believed, of 
practical importance, their develop- 
ment became known as the restst- 
ance de materiaux, a title still in 
use today. 

By clearly stating the basic as- 
sumptions upon which the develop- 
ment of a given formula is based, 
and emphasizing the limitations of 
the textbook formula which may 
exist in predicting the behavior of 
real materials, Professor Conway 
has gone far toward eliminating the 
major difficulty in teaching a course 
of this type—namely, to maintain 
the proper relation of the tradi- 
tional treatment of this material to 
present day overall design consider- 
ations. This perspective is set forth 
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A New Text 


Treats Materials 


In a New Way 


very briefly in Par. 1-1 and the elas- 
tic nature of certain materials is 
described in 1-6; the instructor us- 
ing the text could well expand both 
these sections to provide a more 
solid frame of reference for the main 
content of the book. The introduc- 
tory chapter includes sections on 
stress concentration factors and 


residual stresses; both are stimulat- 


ing and valuable in properly orient- 
ing the student and in stimulating 
his imagination. 

The style of this book is terse and 
“meaty”. In many instances the 
reader will find it wise to cogitate 
over a sentence to develop its full 
meaning. This, plus briefly stated 
qualifications and extensions of 
formulae, etc., presents a real chal- 
lenge to the intellectual acuity and 
imagination of the student. The 
order of presentation of the subdivi- 
sions is, to my mind, logical. Many 
illustrative examples are given. The 
figures are large and exceptionally 
well drawn to illustrate the prin- 
ciples under discussion. A number 
of pertinent literature references are 
given; this novel feature also should 
serve to stimulate the curiosity of 
the reader. An adequate number of 
problems are available at the end 
of each chapter. 

In Chapter 2 the general case of 
combined stresses is developed 
smoothly from two simple cases. 
It is left for the student to see that 
the general case reduces simply to 
any special case by setting par- 
ticular stresses equal to zero in the 
equation. After treatment of Prin- 
cipal Stresses in Chapter 2 there 
seems to be a reluctance elsewhere 
to step up and name a normal stress 


as a principal stress. (See, for ex- 
ample, the torsion of a shaft, page 
66.) There seems to be no discus- 
sion of combined bending and shear 
stress at points near the ends of 
beams. In the main, however, the 
content is as complete as is possible 
in an elementary text of this type, 
and the presentation is strikingly 
clear and logical. 

The chapter on “Miscellaneous 
Beams” presents a wide variety of 
stimulating problems, including flat 
spiral springs, crane hooks, and 
bending for non-linear stress-strain 
law. A wealth of very interesting 
material is contained therein. 

The Euler column equation is 
neatly developed at the beginning 
of chapter 10, and its limitations 
are clearly described. Justification 
of various design formula is given 
This reviewer believes a hint about 
recent developments by F. R. Shan- 
ley would be appropriate at the 
end of this chapter. 

Strain energy concepts for each 
type of stress are treated along with 
the general discussion of that stress 
state; Castigliano’s theorem is in a 
separate chapter near the end of the 
book. No attention is called to the 
fact that strain energy cannot be 
computed by superposition meth- 
ods. Perhaps this is left as an exer- 
cise for the reader. 

A minor criticism is that in sev- 
eral cases the figure involved is on 
the reverse side of the page from 
the descriptive matter. 

Professor Conway is to be con- 
gratulated for the preparation of 
this very readable text. 

T. R. Cuykendall 
Professor of Engineering 
Physics 
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In classes like this at the Bell Telephone Laboratories’ school for communications development 
training, college graduates study electronics, oscillations and waves, switching and transmission. 


THEY’RE HEADED FOR NEW FRONTIERS 


Each year the Bell System selects hundreds 
of college graduates to learn how to develop, 
maintain and administer our country’s telephone 
system. Thanks to the competence of our nation’s 
professional educators, these graduates come 


with an excellent grounding in fundamentals. 


Those specially fitted for research, work in 
the Bell Telephone Laboratories to develop 
tomorrow’s telephone service. In the Western 
Electric Company, others are planning manu- 


facturing processes or supervising production 


gir tte IMSS A rrr 


BELL TELEPHONE SYSTEM 


operations. And in the Bell operating companies, 
still others are engaged in the engineering and 
administrative side of telephone service. 

More than ever, America’s future must de- 
pend on men and women who are trained to think 
far ahead. They are needed both in technology 
and in administration. 

By joining forces with such people, and 
helping them progress, the Bell System works to 
keep America’s telephones the world’s best, and 
to help the armed forces keep our country safe. 











DID YOU KNOW? 
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and durability. 
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19TH & LEHIGH AVENUE, PHILA. 


speeds causing particles to reduce 


that you can Clean Condenser Tube seni T 


without Downtime or 
C. H. Wheeler Reverse Flow Condensers are “Self-Cleaning”. Electrically, hydraulically or 
manually operated sluice gates within the condenser reverse the flow of water in the 
tubes to flush debris and marine growth away from tube sheets. 


that there are Vacuum Pumps with No Moving 


Parts ... and often requiring No Extra Power ®& 
C. H. Wheeler Tubejets convert waste steam into useful vacuum for pumping, refrigera- 


Loss 


that a Cooling Tower can be Built to Blend with al 


Building—or to Stand Alone against Hurricane Winds « 
C. H. Wheeler Water Cooling Towers may be sheathed with any building material to 
harmonize with an architectural plan. Sturdy construc is g 





that Material will Grind Itself into Particles 100 
Times Finer than the Human Eye Can See 8 


. 


of Pressure s 


teed for performance 





C. H. Wheeler Fluid Energy Reduction Mills reduce materials to sub: 7) 
Material is conveyed by air, steam or any gas or vapor ina closed circuit at supersonic 
h by ted ing contact with one 
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Bulletins mailed on request. 


32, PA. 


DIVISION OF HAMILTON-THOMAS CORP. 


particle sizes. 








Technibriefs 


(Continued from page 22) 


formed. 

‘To get maximum strength and 
optimum air resistance, NBS ex- 
perimented with different concen- 
trations and beating times. A one 
percent glass concentration in the 
glass-and-water beater stock gave 
a stronger paper than higher con- 
centrations, but further dilution 
had no advantage. Short beating 
times—just long enough to separate 
the glass fibers—were best. 

Commercial glass fibers of finest 
diameter—grades of 0.75 microns 
(about 30 millionths of an inch) or 
less in size 
best strength and filtering charac- 
teristics. Other experiments indi- 
cated that the strength depends on 
the presence of fibers of assorted 
lengths, but that very short fibers 
weaken the paper if present in sub- 
stantial quanities. A sample of the 
water-fiber mix from the beater 
was run through a pulp classifier 
having screens of 65, 100, 150, and 


gave papers with the 
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200 mesh. Hand sheets made from 
fibers retained by a 65-mesh screen 
had only about one-fourth the ten- 
sile strength of the original paper, 
and hand sheets made from the 
combination of the 100, 150, and 
200 mesh fibers were even weaker. 
But when paper was made of 
mixture of fibers from all four 
screens, its tensile strength was 10 
times greater than that of the origi- 
nal paper. This remarkable increase 
in strength apparently — resulted 
from the removal of the “fines” (or 
“fillers” )— the fibers that pass 
through the 200-mesh screen. 


Jet Propelled “Lab” 


The nation’s first jet-propelled 
“laboratory” for high-speed flight 
testing of turbojet engines of ad- 
vanced design has been placed in 
full scale operation by the General 
Electric Company. 

The Company’s Flight Test Di- 
vision disclosed today that the 
“jet laboratory”, a four-jet North 
American B-45 bomber carrying a 
fifth test engine in a specially-de- 


signed nacelle under the bomb-bay, 
was first flown in preliminary tests 
several months ago. The bomber 
was assigned by the U. S. Air Force 
to the company to flight test new 
jet engines developed by the G-E 
Aircraft Gas Turbine Department 
at Lockland, Ohio, at speeds never 
before attained in such operations. 

The “jet laboratory,” based at 
the company’s Flight Test Center, 
Schenectady, N.Y., joins a fleet 
of specially equipped planes used 
to flight test aircraft equipment 
under development for the Armed 
Forces. These include a Boeing B-29 
“Flying Laboratory”, another B-45 
which is being flown on an accel- 
erated program to evaluate the 
service life of G-E J-47 engines, 
and a Lockheed F-94 fighter used to 
test automatic flight control equip- 
ment. 

The engine nacelle of the jet lab- 
oratory, partially retractable into 
the bomb-bay when not in use, will 
accomodate turbojet engines con- 
siderably larger than any yet an- 
nounced. 
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Solving a dynamics problem with the Boeing Computer; oscilloscope at right shows result. 


What's it like to be a Boeing engineer ? 


Boeing engineers enjoy many ad- 
vantages — among them the finest 
research facilities in the industry. 
These include such advanced aids as 
the Boeing-designed, Boeing-built 
Electronic Analog Computer shown 
in the picture above. 

This is part of the stimulating 
background that helps Boeing men 
maintain the leadership and prestige 
of an Engineering Division that’s 
been growing steadily for 35 years. 

If you measure up to Boeing stand- 
ards, you can share that prestige. And 


you'll work with renowned engineers 
on such vital projects as guided mis- 
siles, the still-classified B-52, the 
record-shattering six-jet B-47, and 
other outstanding developments. 

You can work in Seattle, in the 
Pacific Northwest, or in Wichita, 
Kansas. You will benefit from in- 
plant training programs, from merit 
reviews that enhance advancement 
opportunities. You'll be part of a 
distinguished, long-range Engineer- 
ing Division. You'll be proud to say, 
“I'm a Boeing engineer!” 


So plan now to build your career at Boeing 
after graduation. Salaries are good, and 
they grow as you grow. Boeing has present 
and future openings for experienced and 
junior engineers for aircraft 


© Research 
* Production 


* Design 
* Development 


also for servo-mechanism and electronics 
designers and analysts and for physicists 
and mathematicians with advanced degrees. 


For further information, 
consult your Placement Office, or write: 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Washington 
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Draws a line 1/10th 
of a mile long with 


I FILLING! 


WORLD’S ONLY 
DRAWING INK 
FOUNTAIN PEN 


with interchangeable nibs 


Saves thousands of time-wasting 
pen filling operations for the artist 
or draftsman—insures uniform thick- 
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and art studios all 
PELICAN WATER- 


PROOF DRAWING INKS for best results. 
Ask your dealer — or write for illustrated booklets 
WH JOHN HENSCHEL & CO., INC. 
I 105 East 29th Street, New York 16, N. Y. 
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Valved Brass 
(Continued from page 18) 


note and the seventh lowering of 
the first harmonic. This is remedied 
by adding a fourth valve, with a 
value of five half-tones, to the tuba. 
This will provide the variety of 
combinations needed to go stepwise 
down to the fundamental from the 
first harmonic. It is interesting to 
note that the Big Red Band has 
no true tubas. All of its brass basses 


are Sousaphones with three valves. 


This fact, together with the fact 
that they can produce a very miser- 
able and musically unsatisfactory 
fundamental note (which sounds 
just as miserable on the other half- 
tubes) shows that they are half- 
tubes, and cannot be true tubas. 
With the help of the valves, the 
agility of the instrument becomes 
greatly enhanced. When the player 
wishes to produce a given note, he 
usually has several possibilities pre- 
sented to him through the various 
valve combinations, since one note 


Fig. 4. The same notes are obtainable from several fundamentals. 









































may appear in a number of har- 
monic series. He chooses the note 
in the series nearest to the one he 
is playing in at that moment. The 
valves detract somewhat from the 
tonal purity, for the old natural 
instrument in one key produced 
the notes in that key in perfect 
tune, while the valve horn has been 
tempered to yield notes in every 
key. 

Thus we have lost one instru- 
ment and have gained another, al- 
most identical with the first in 
tone, capable of everything the 
first could do, and able to handle, 
in addition, a more complex har- 
monic part in the work of the 
orchestra. 


Four books form the sources 
and further references for this 
article. They are: 

Carse—Musical Wind Instruments 
(Macmillan, London, 1939) 
Forsyth—Orchestration 

London, 1914) 

Sachs—Real-lexikon der Musikinstru- 
menten (Julius Bard, Berlin, 1913) 

Sachs—Handbuch der Musikinstru- 
mentenkunde (Breitkopf & Hartel, Leip- 
zig, 1920) 
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Engineering School Graduate at GM 
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Fe many years General Motors has been recruit- 
ing graduates of the country’s leading engineer- 
ing schools. 


A high percentage of these young men, through 
hard work and initiative, have made sound business 
careers for themselves at GM. In fact, today many 
GM divisional managers are engineering school 
graduates. So are many others in top management. 


GM is not only a major producer of motorears and 
trucks, but also a leading manufacturer of many 
types of civilian goods from heating systems to 
refrigerators, from fractional h.p. motors to Diesel 
locomotives. 


And, as a top defense contractor, GM is building 
everything from rockets and shells to tanks and 
jet and Turbo-Prop engines. 


In these many operations we require the services 
of all types of engineers to engage in all phases of 
engineering work—from pure research to produc- 
tion supervision. 


This work is decentralized among GM’s 34 manufac- 





See December 1951 of Fortune Magazine for description of new 
multimillion dollar GM Research and Technical Center in Detroit. 


GENERAL MOTORS CORPORATION 





turing divisions, operating 112 plants in 54 towns and 
cities throughout the country. Each division oper- 
ates as an independent unit with its own engineering 
department. Yet each benefits from the resources of 
GM’s central research and engineering laboratories. 


Thos, from the start, GM offers the engineering 
graduate both the opportunities and facilities of 
a large, successful organization and the friendly 
working environment of a smaller company. 


For further information on a GM engineering 
career, we suggest you ask your College Placement 
Office to arrange an interview for you with the 
GM College Representative the next time he visits 
your campus. 


GM POSITIONS ARE NOW OPEN 
IN THE FOLLOWING FIELDS: 


Electrical Engineering * Mechanical Engineering 


Metallurgical Engineering « Chemical Engineering 
Industrial Engineering 
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Personnel Staff, Detroit 2, Michigan 
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For no good reason some professional people de- 
velop a persistently negative approach. This may be 
one of the inherent evils of specialized knowledge—of 
knowing too much. If so, then I hope our 5-year cur- 
ricula will have a broadening effect as it was planned 
to have and that Cornell engineers will be known for 
their willingness to say “can do”. 

This professional negativeness shows itself all 
over the place—with engineers, architects, doctors, 
lawyers and even plumbers. 

Its worst manifestation is the inability to accept 
new ideas or suggestions or even answer the questions 
of the layman. There develops a “holier than thou” at- 
titude which though unspoken says—“I have spent 
years of study on this subject about which you know 
nothing—if there is anthing new to be found out within 
the secret chambers of our professional fraternity—it 
will be tried and tested, and if it meets our rigid 
standards, it will be put into use—in the meantime keep 
your untrained nose out of it.” 

Another place where it shows itself is in pre- 
paring estimates of cost. If you want something done 
with strict economy, it’s hard to get it. The answer is 


40 


it can’t be done. Most estimates are too cozy—too many 
allowances for contingencies. Human nature doesn’t 
like to stick its neck out. Then when the propect goes 
ahead, everyone seems satisfied if the cost meets the 
cushioned estimate. Thus effctive pressure to keep 
costs down is often lost. 

So it is with time requirements to complete work. 
Face is saved by allowing plenty of margin. If 10% 
more time is allowed than is really needed, the pressure 
for efficient management is lost. We would do a better 
job if we set goals 10% higher than possible attain- 
ment and failed by that kind of a margin. 

On this same negativeness feeds that type of pro- 
fessional pride which resents the obtaining of opinions 
from other people—even people in the same profession. 
We see it every day. It is also what engenders that fre- 
quent and silly jealousy between professions. 

People of real professional stature will look a fact 
in the eye even if it it bites them. With such open mind- 
edness, they are the ones who frequently accomplish 
the so-called impossible. 


FREDERIC C. WOOD 
THE CORNELL ENGINEER 





Here we go again! 


“March 15th, Tax Day, is around the corner 
. . . and bere | am, wrestling with Form 
1040 again! You, too, I'll bet. 


“Sure, I gripe about it every year. Who 
doesn’t? It’s like yelling ac the umpire. 
Or beefing about the weather. That's our 
privilege! 

“But this year’s taxes really burt. Now don’t 
get me wrong .. . I believe in taxes. Can’t 
run a government without taxes. And 
when it comes to our government spending 
money honestly and efficiently for Defense, 
Freedom or Good Government... it can 
have the shirt off my back. 


“But down at the Republic plant I work 
hard for my dough. And, naturally, I get 
burned up when I read about a lot of 
money being spent foolishly by our govern- 
ment. That, of course, goes for all levels of 
government .. . federal, state, county and 

| local. They’re a// run on our tax money 
H} | +». yours and mine. 


| | I Wi) ~=““And when I say ‘our’ tax money, it reminds 
(! / Auf me that companies groan about taxes, too. 
fy, They've got ‘living expenses’ same as we 
di do, and taxes take an even bigger 
bite out of their income than 

they do out of ours. 


“What's left of our pay, we call 

savings. What's left of a company’s 

‘pay’, is called profits. It is profits 

that create new jobs by improving 

and expanding industry. Without 

company profits, a lot of us citizens 
would Jose our jobs. 


“To get back to this business of spending 
... my wife runs our home with simple, 
sensible day-by-day economy. And so do 
my neighbors’ wives. So does any well- 
managed business. So why shouldn’t our 
government... national, state, county 
and local . . . practice that same common- 
sense economy, too? With, I repeat, our 
hard-earned dough!” 


REPUBLIC STEEL 


Republic Building * Cleveland 1, Ohio 


ane 


Republic BECAME strong in a strong and 
free America. Republic can REMAIN 
strong only in an America that remains 
strong and free... an America whose vast 
Railroad Industry is unsurpassed. And through 
railroading, Republic serves America. Republic steel 

into track bolts and spikes...and into power- 
ul locomotives that thunder over the tracks. 
Republic's famed Enduro Stainless Steel is found, 
inside and out, on gleaming streamliners that 
crisscross the nation. And in roundhouses an 
repair shops, tools and machines made of Republic 
steel help keep America’s rolling stock rolling, 
come peace or war. 


* * * 


For a full color reprint of this advertisement, 
write Dept. H, Republic Steel, Cleveland 1, Obie. 
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ALUMNI NEWS 


THE 1952 FUERTES GRADUATE MEDAL 








applies. 


The faculty of the School of Civil Engineers is interested in receiving applications or suggestions for 
award of the 1952 Fuertes Graduation medal. 

This gold medal is a tradition of many years standing, and is awarded annually by the faculty if a 
paper of sufficient merit, written by an alumnus of the Cornell School of Civil Engineering, is found. 

Papers competing for the award can either be specially written or previously published, but in the 
latter case the paper must have been published since April 15, 1951. When the award was originally es- 
tablished by Dean E. A. Fuertes in 1893, he called for “A meritorious paper upon some engineering sub- 
ject tending to advance the scientific or practical interests of the civil engineer,” and this criterion still 


The author of a paper may submit a copy of his work in competition for the Fuertes medal or the 
suggestion as to an eligible paper of merit may be sent in by someone else. 

The last award of the medal was made several years ago to Elwyn E. Seelye of the Class of 1904. 

Any applications or suggestions should be forwarded to the Director, School of Civil Engineering, 
Cornell University, Ithaca, N. Y., before April 15, 1952. 











Elwyn E. Seeley, C.E. ‘04, has 
published new second editions of 
the first two volumes of his well- 
known “Data Book for Civil Engi- 
neers.” The books were issued in 
December by John Wiley & Sons. 

A consulting engineer for nearly 
forty years, Mr. Seelye is the senior 
partner of Seelye, Stevenson, 
Value, and Knecht, a prominent 
New York consulting firm. The first 
volume of his comprehensive work 
covers “Design” while Volume II 
covers “Sepecifications and Costs.” 
Volume Ill of the “Data Book,” 
published in 1947, deals with field 
practice. 


Clement R. Newkirk, B. Arch. ‘07, 
has been presented with the an- 
nual award for public service and 
civic improvement by the Central 
New York Chapter of the American 
Institute of Architects. The award, 
presented December 8, was given 
in recognition of his work on up- 
state college campuses. His firm 
designed Clara Dickson Hall. 


T. Scott Miyakawa, M.E. ‘31, re- 
ceived a faculty fellowship from 
the Ford Foundation Fund for the 
Advancement in Education and is 
spending the year in Great Britain 
and on the Continent. “My main 
interests will be the social and 
human aspects of industrial rela- 
tions and productivity, and certain 
phases of the artistic and cultural 
life of these nations. The tour is 
not intended for any monographic 
research, but for broadening my 


ap 


general background,” he writes. 
His address is Boston University, 
725 Commonwealth Avenue, Bos- 
ton 15, Mass. 


Henry Alfred Byroade, M.S. in 


Engineering ‘40, was recently ap- 


pointed Assistant Secretary of State 
for Near Eastern, South Asian, and 
African Affairs. A West Point grad- 
vate holding the rank of colonel, 
Mr. Byroade is on leave to the 
state department. During the last 
war he built air bases in India 
and China, and in 1945-46 he was 
General Marshall’s Assistant in the 
Chinese truce negotiations. He is 
now married and has three chil- 
dren. 


Phillip H. Permar, B. Chem.E. ‘42, 
319 Quackenbos Street NE, Wash- 
ington 11, D.C., is now head of the 
metallurgical section of the Savan- 
nah River Plant of the DuPont Co. 
near Aiken, S.C. 





Dean Hollister will be the 
guest speaker at a meeting of 
the Junior Branch of the Metro- 
politan Section of the ASCE on 
Wednesday evening, April 23. 
The meeting will be held in the 
ASCE Board Room at the Engi- 
neering Societies Building, 33 
West 39 Street in New York, 
starting at 7:30 P.M. All inter- 
ested Cornellians are invited to 
attend. The topic will be the en- 
gineering manpower shortage. 











W. N. Kruse, B. Chem.E. ‘43, has 
been made co-ordinator between 
construction office in Chicago and 
construction jobs in the field for 
the Universal Oil Products Co., Chi- 
cago, Ili. Mr. Kruse is married, has 
an eight-months-old daughter, and 
a new house at 319 S. George St., 
Mt. Prospect, Ill. 


Clyde H. Loughridge, Jr., B.M.E. 
‘43, graduated at Harverd Business 
School last June and is with Lin- 
coln Electric Co in Cleveland, Ohio. 
He lives at 1248 Ramona Avenue, 
Lakewood 7, Ohio. 


Harold Rueben, M.S. Chem.€E. ‘45, 
is working as a development engi- 
neer for Republic Rubber Division, 
Lee Rubber and Tire Corp., Youngs- 
town, Ohio. He is also teaching 
chemical engineering part time in 
Youngstown College. 


H. G. Howe, B. Chem.E. ‘47, 
Bakelite Division Cyanamide Co., 
Bound Brook, N. J., is now working 
for his M.S. in Production Manage- 
ment at Stevens Institute. He has 
a daughter, Nancy, born January 
14, 1951. 


R. H. Schumacher, B. Chem.€E. ‘48, 
is studying business administration 
at Hamilton Institute. Mr. Schu- 
macher is the production supervisor 
in charge of soapmaking at the 
Ivorydale plant of Proctor and 
Gamble Co., Cincinnati, Ohio. 
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CHEMICAL PROBLEM... 


. . . to help make enamels that 
combine fast drying and easy 
brushing —advantages not always 
found together in the two types 
of enamels most used today. One 
type of enamel brushes easier, the 
other dries faster. 


SOLUTION... 


. a new Hercules resin, Pen- 
talyn® B-56. It reacts chemically 
with the other paint ingredients 
to favor neither drying speed nor 
brushing qualities unduly, but to 
provide the very best combina- 
tion of both. 


COLLEGE MEN... 


This is but one example of the 
far-reaching chemical develop- 
ments in which you could partici- 
pate at Hercules—in research, 
production, sales, or staff opera- 
tions. It suggests the ways Her- 
cules’ products serve an ever- 
broadening range of industries 
and end-uses. 


Hercules’ business is solving problems by chemistry for industry... 


. .. paper, rubber, insecticides, adhesives, soaps, detergents, plastics, paint, varnish, lacquer, textiles, 
to name a few, use Hercules® synthetic resins, cellulose products, chemical cotton, terpene chem- 
icals, rosin and rosin derivatives, chlorinated products, and other chemical processing materials, 
Hercules® explosives serve mining, quarrying, construction, seismograph projects everywhere. 


HERCULES POWDER COMPANY Wilmington, Delaware 
Sales Offices in Principal Cities 





| ape over a quarter of a century the Pratt & Whitney 
Aircraft Division of United Aircraft Corporation 
has depended upon creative engineering to bring its 
products to the forefront. 

How well this idea has worked is amply demon- 
strated by the outstanding leadership record which 
Pratt & Whitney has established in both piston and 


Creative engineering will continue to be given top 
emphasis at Pratt & Whitney—and it might well be 
the best answer to your future too—if you want a 
chance to put your own ideas to work. 

Why not find out where you could fit into this great 
engineering organization? Consult your Placement 
Counselor or write to Frank W. Powers, Engineering 


turbine aircraft engine types. 


Department at 


And for the future, because of its sound engineering 


background and research facilities, Pratt & Whitney is 
one of the few companies in the country to be selected 
to develop an atomic powered engine for- aircraft. 


PRATT & WHITNEY AIRCRAFT 


DIVISION OF UNITED AMCRAFT CORPORATION 


EAST HARTFORD, CONNECTICUT 





All-Weather Ventilation 
(Continued from page 32) 


the entire arena visible from every 
seat. This makes the problem of 
heating and ventilating more dif- 
ficult because of the minimum 
space available for installation of 
heating equipment. 

The unused area behind the bal- 
cony tiers proved to be an ideal 
location for heating machinery and 
doubles as the air plenum chamber. 
The exterior perimeter of the area 
is walled with 6-in. tiles, and an air- 
tight seal is constructed between 
the bottom beam and the plaster 
ceiling of the concourse below. 

The umbrella-like gypsum com- 
position roof towers 98 feet above 
the center of the arena and is sup- 
ported on steel trusses anchored 
to piers around the perimeter of 
the building. It was obvious to the 
designers that such a high roof 
would cause stratification of heat 
during the winter with resultant 
high fuel consumption. Conversely, 
during the summer, the high roof 
would hamper adequate ventila- 


os 


tion under the Texas sun. 

To solve this problem, return air 
ducts have been installed at stategic 
locations around the perimeter of 
the building at the top of the bal- 
cony tiers, nearly 34 ft. above the 
arena floor and 281% ft. above the 
air discharge openings over the 
box seats. Air pulled into these 60 
by 12 inch openings by the fans 
of the 16 Dravo heaters is carried 
back to the heaters for warming 
and recirculation to the arena. What 
has been achieved is, in effect, a 
controlled temperature “blanket” 
in that portion of the building 
where comfort is essential. The rest 
of the space high above the seating 
areas is unimportant from the heat- 
ing and ventilating standpoint. The 
principle of air recirculation at the 
“use” level also tends to reduce roof 
heat losses during cold weather, 
thereby conserving fuel. 

As a means of ventilating the 
area immediately underlying the 
roof, which is subject to summer- 
time temperature buildup from 
solar heat, 30 propeller-type ex- 
haust fans have been installed in a 


12-ft. wide monitor with automatic 
shutters. Each fan has a diameter 
of 41% feet, is powered by an indi- 
vidual 3/4-hp. motor and can 
handle 24,000 cu. ft. of air per 
minute. Operation of these fans 
helps in the overall ventilation of 
the building, especially important 
during livestock shows. 

The coliseum building is 460 ft. 
long by 264 ft. wide. Outside walls 
are of brick and cast stone, with a 
large expanse of window area. Heat 
losses of the big structure were 
calculated at 10,800,000 Btu. per 
hour based upon the winter design 
temperature of 20°F. in San An- 
tonio. 

The 16 Dravo heaters are spaced 
equi-distant around the oval, sus- 
pended upside-down from _ steel 
angles attached to the 6-in. concrete 
floor slab above them. The area in 
which the heaters are located, im- 
mediately beneath the top tier of 
the balcony, is 10% ft. high by 
about 12% ft. wide. This area is 
above the 20-foot wide concourse of 
the Coliseum where exhibit booths 

(Continued on page 52) 
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The Torrington Needle Bearing 
is designed for high radial loads 




















The many lineal inches of contact 
provided by the larger number of 
small diameter rollers give the 
Torrington Needle Bearing an un- 
usually high load rating. In fact, a 
Needle Bearing has greater radial 
capacity in relation to its outside 
diameter than any other type of 
anti-friction bearing. This is illus- 
trated in the table below, which 
compares the dimensions of three 








Torrington 
Needle Bearing 
No. B-1616 





Ball Bearing 
No. 405 .98” 83” 





Bronze Bushing 
3sq.in area / wv | || 
of bearing surface 





Dimensions for three types of bearings, all having 
the same rated radial load capacity. 


bearings with identically rated ra- 
dial load capacities. 


Precision Manufacture and 

Unique Design 
The exceptional load capacity of 
the Needle Bearing is the result of 
proper selection of steels, precision 
workmanship to close tolerances, 
and the application of modern anti- 
friction principles. 

The one-piece shell, which serves 
as the outer raceway and retains the 
rollers, is accurately drawn from 
carefully selected strip steel. After 
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forming, it is carburized and hard- 
ened. There is no further grinding or 
other operation that might destroy 
the wear-resistant raceway surfaces. 
The full complement of thru-hard- 
ened, precision-ground rollers is re- 
tained by the turned-in lips of the 
one-piece shell. 

As the shaft is intended to serve 
as the inner race in most applica- 
tions, it is hardened and ground to 
correct size. If an unhardened shaft 


ELECTRIC DRILL > 


PUMP 
CRANK SHAFT 











The outer shell is easily seated 
by press fit into a straight bore 
housing, machined to the proper 
dimensions. No complex housing 
structures are needed — no spacers, 
retainers or snap rings required. 
And the compact size and light 
weight of the bearing itself also help 
make the end product lighter and 
less bulky. 

Wherever high radial load capac- 
ity is vital, but space and weight are 














High radial load capacity is vital in many bearing applications. 


is desirablo, inner races can be fur- 
nished with the proper hardness. 


Plus Features For Modern 
Design 

The unit design and compact size 

of the Torrington Needle Bearing 

provide other, related advantages 

which are being utilized in more 

and more applications. 


at a premium, Torrington Needle 
Bearings provide an ideal solution. 

Future advertisements in this 
series will discuss other specific 
advantages of Needle Bearings. If 
you would like further information 
on these or any other type of anti- 
friction bearings, our engineering 
department will be glad to be of 
assistance. 


THE TORRINGTON COMPANY 


Torrington, Conn. 


South Bend 21, Ind. 


District Offices and Distributors in Principal Cities of United States and Canada 





TORRINGTON ///£7// BEARINGS 


NEEDLE + SPHERICAL ROLLER « TAPERED ROLLER + STRAIGHT ROLLER + BALL - NEEDLE ROLLERS 
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Science 
(Continued from page 15) 


the Twentieth Century and . . . the 
decisive instrument of the altera- 
tion will be progress in communica- 
tions.” Through this progress, 
distant parts of the world are, in 
effect, becoming nearer and nearer, 
and exchange of ideas is increasing. 
We are tending toward a “single 
global community.” In this trend, 
atomic energy will play the key 
role, aircraft profiting the most. 
There are more limiting factors, he 
stated, to the development of land 
and sea-borne vehicles than to the 
development of aircraft. “In the 
air. . .the effects of atomic propul- 
sion are certain to be revolutionary 
to an extent that staggers the im- 
agination . . . The surfaces of the 
earth may be largely discarded as 
roadbeds of transportation. Every- 
thing will move through the air, in- 
cluding individuals, . . . (on vehi- 
cles) less complex than bicycles.” 


Space Flight 


Throughout all five speeches, it 
was especially interesting to note 


the speakers’ opinions on space 
travel. Dr. Harrison said that there 
would be no space travel within 
the next half century; Drs. Phillips 
and Price did not specifically com- 
mit themselves on this question; Dr. 
Hector said nothing about space 
travel and Major de Seversky 
said, “I am confident that inter- 
planetary travel will be a reality 
before the end of the century.” 
Major de Seversky went on to say 
that all we lack for this travel is 
fuel. Such flight will be measured 
by constant acceleration and decel- 
eration instead of velocity, and 
there will be no discomfort, since 
the space ship will have artificial 
gravity. 

A significant topic touched upon 
by all the speakers except Dr. 
Phillips was the possibility of a 
unified world by 2000. Dr. Harrison 
said that we would achieve such 
unification, the communist leaders 
and tenets defeating themselves. 
Drs. Hector, Price and Major 
de Seversky also believed this uni- 
fication is coming; the first stressing 


~ the interdependence of the world; 


the second, that we would have a 
federal government through the 
United Nations; and the third, that 
the world will become simply one 
large neighborhood. 

In closing the panel, Dr. Furnas 
made an important comment. He 
stated that scientists definitely are 
interested in world affairs. Major de 
Seversky had said earlier that 
scientists should accept philosophi- 
cally that much of their work is 
directed first toward war, and that 
only slowly changing human nature 
could correct this. Dr. Furnas im- 
plied that scientists are and should 
be active in trying to make the 
world such that scientific achieve- 
ments would be used for peaceful 
purposes. The panel speakers them- 
selves were certainly quite interest- 
ed in world affairs. 

The general tone of the panel was 
optimistic, and was best expressed 
by the closing lines of Dr. Harrison. 
“(In 2000] citizens of the United 
States still eat too much, but the 
picture has changed in that now 
large numbers of Armenians and 
Chinese also eat too much.” 





Celanese Corp. Uses 6420 


ground, are each of 1250 hp. 


This is a large-scale example of the dependability and 
economy of Frick ammonia refrigeration. Power requirements, 
when operating in summer weather on air conditioning loads, 
are only 0.70 hp. per ton of refrigeration. 

The Frick Graduate Training Course in Refrigeration and Air Con- 
ditioning, operated over 30 years, offers a career in a growing industry. 


DEPENDABLE REFRIGERATION SINCE 


WAYNESBORO, PENNA 


Horsepower 


of Prick Refrigeration 


Fourteen Frick refrigerating machines are in operation at 
the Amcelle plant of Celanese Corporation of America, near 
Cumberland, Md., makers of chemical yarns. Most of these 
ammonia compressors have been in use since 1929. The 
motors driving the new vertical machines, shown in the fore- 











HERE’S HELP FOR YOU! 


Wrico Lettering Set 


Made by Eugene Dietzgen Co. and 
containing three Templets—One caps, 
one lower case, and one of numbers. 
Sizes ¥%e” to 1%”—And your choice of 
vertical, slant, adv. style and script. 


Doric Lettering Set ....... cedsdanstcistuabyctes cer soveeesF SO 
One templet—with three cap sizes and 
one numbers—vertical only. 

Cross-section paper 


All kinds of cross-section paper are in 
stock at the Triangle for your selection. 


We wish you luck in the second term. 


TRIANGLE 
bOoRY 
CO-OP 


Evan J. Morris, Proprietor 
Sheldon Court 


412 College Avenue 
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STAY WITH IT: 


5y GORDON W. CLOTHIER, Manager, Transformer Section, Electrical Department 
ALLIS-CHALMERS MANUFACTURING COMPANY (Graduate Training Course 1938) 


HAT $a good plan, but there’s just one 

little catch in it; sometimes it takes a 
good while to find the work that’s right 
for you. If you’re worried about that, 
perhaps my own experience will point out 
a practical shortcut. 

I got my E. E. at the University of 
Washington in 1935, and went on with 
graduate work and teaching for another 





: Shed A - “ 
22-million-volt betatron built by Allis-Chalmers can “look”’ through 20 inches of steel 


When You Find the Work You Like 





other types of products and work at 
Allis-Chalmers. 


In 1941 I became engineer in charge of 
transformer sales, and in 1947 was made 
manager of the transformer section. 


This field offers both challenges and 
rewards. It needs and seeks men of su- 
perior intelligence, imagination and crea- 








to detect flaws. Here a technician is setting up motor specimen for radiography. 


year. Then—into the practical business 
world. That’s when I found the shortcut. 
T enrolled in the Allis-Chalmers Graduate 
Training Course in 1936, and very soon I 
got interested in the big transformers. I’ve 
been with them ever since, and they’ve 
given me a lot in accomplishment and 
satisfaction. 


Back to Stay 


Ofcourse, during two years in the Gradu- 
ate Training Course I got around a good 
deal in the big West Allis works. Had 
some time in the shops, got acquainted 
with the work of many departments, tried 
my hand at design, test, sales application 
work. But I came right back to trans- 
formers and have always been a lot more 
satisfied because I'd seen a broad range of 
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ALLIS-CHALMERS 





GORDON W. CLOTHIER 





new paths of study and development. 


If you think a transformer is an inert 
mass of iron and copper windings in a 
tank of oil—look closer. There are ad- 
vanced problems in magnetostriction that 
if solved, will eliminate transformer hum 
and revolutionize the business. It’s the 
same with problems in metallurgy, insula- 
tion, measurement and control of electric 
field shapes and the effects of time on 
materials. Perhaps some young engineer, 
even during his Graduate Training Course 
days here, may make important contri- 
butions. The opportunity is waiting. 


What Do You Want to Do? 


It's the same in other departments at 
Allis-Chalmers. Ore processing methods 
and machinery—electronic equipment— 
public works—steam turbine and genera- 
tor design—hydraulics—manufacturing 
—research—sales—they all hold oppor- 
tunities. Here you'll have a chance, as a 
Graduate Training Course engineer, to 
look over the widest range of industrial 
fields covered by any manufacturing firm 
in the country. You can help plan your 
own course, get advanced degrees. It’s a 
shortcut to finding the work of your choice. 


Write for information and literature, or 
call on the Allis-Chalmers district office 
in your locality. 


5 


Two-pass 45,000 sq. ft. 
surface condenser and 
two 42" x 30" vertical 
mixed flow pumps. 
Allis-Chalmers oval de- 
sign saved space in this 
big new power plant. 


g 


Allis-Chalmers Manufacturing Company, 
Milwaukee 1, Wisconsin 


tive ability—men who will strike out into 

















































































































































= MORRIS 


 type-G 
DREDGE PUMP 


"Most efficient dredge 
pump ever built!” 


Sizes: 6” to 36”. Larger sizes will 
pump material through two 
miles of pipe line . . . oper- 
ate under total heads up 

to ft. 


Long life under high output due to 
efficient design and construction 


Specially designed bearings—Stand up under all loads, hy- 
draulic or mechanical, encountered in severest types of dredging 
work. Anti-friction, self-aligning roller bearings on sizes 6” to 16” 
—heavy Kingbury bearings for pumps above 16”. 


Patented pressure balanced impeller—Lasts longer—all 
parts wear evenly. Shroud on suction side is larger in diameter 
—balances casing pressure, decreases wear: 


Other superior Morris features—Volute-type casing. Inter- 
changeable liners on hub and suction sides. Easily accessible 
stuffing box. Vibration-free, extra-large, high-grade steel shaft 
removable through suction side of casing. | 


. 


The experience of 87 years in the designing and building of pumps is at 
your disposal. Let our engineers help you select the exactly right pump for 
your particular needs. No charge or obligation. 


7ORrecuiive Vieetrendest =» MORRIS MACHINE WORKS 
Baldwinsville, N. Y. 


Centrifugal Pumpe 


Branch Offices in Principal Cities 











Graphite 
(Continued from page 10) 

ture lubricants. Today similar films 
applied by dipping, brushing, or 
spraying, provide trouble-free op- 
eration of baking and enameling 
oven chains, kiln car bearings, glass- 
making machines, incandescent 
lamp and vacuum tube equipment 
—to mention but a few instances 
typical of the many that require 
friction-reducing media more stable 
than mineral or compounded oils. 
Effective Parting Compound 

Graphite films deposited from 
colloidal suspensions are likewise 
important in the treatment of 
molds, “chillers,” forging dies, and 
on pipe-threads, flanges, studs, and 
plugs. 


Fig. 3. Sealing and sticking are minimized 
and finish greatly improved by pretreat- 
ment of forging dies. 


International Harvester 
In the case of molds and dies, the 
castings or forged pieces do not 
stick and are characterized by their 
smoothness and cleanliness. The 
parting of threaded members as- 
sembled with colloidal graphite con- 
stitutes no problem, as is exempli- 
fied by the wide use of this treat- 
ment on the brass or cast-iron plugs 
used in heating and power boilers, 
exhaust manifold nuts on gasoline 
engines, bolts and nuts holding the 
bonnets of steam valves, and the 
flanges and studs on Diesel equip- 
ment. (See Figures 2 and 3.) 
Electronic Applications 
When a film formed with col- 
loidal graphite is applied to the 
plates and grids of vacuum tubes, 
(Continued on page 50) 
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“Where opportunity knocks every day” 


This huge new building pictured above 
is one of the world’s most modern petro- 
leum research laboratories—those of the 
Standard Oil Development Company at 
Linden, N. J. It is the research center 
where Esso Products are constantly de- 
veloped and improved by engineers and 
technicians whose aim is better prod- 
ucts for better living all over the world. 

Here chemists and engineers find 
limitless opportunities for the scientific 
advancement of petroleum research. 


ESSO 
Vol. 17, No. 6 


BEAR 


Scientific exploration in all the phases 
of oil production is constantly encour- 
aged at Esso. 

The 28,000 workers at Esso have 
been with the company an average of 


STANDARD OFL 


. 8,600 of them for 20 


years or more. Esso is proud to have 


over 14 years .. 


this large number of long service em- 
ployees, enjoying fair pay, good work- 
ing conditions, and a chance to learn 
more about the oil business and to ad- 
vance in the company. 

It has been an Esso Management 
policy for more than 30 years to keep 
good people happy at good jobs . . . and 
turn out consistently good products that 
carry the Esso trade-mark. 


COMPANY 
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Graphite 


(Continued from page 48) 


these members operate at lower 
temperatures than untreated parts. 
This discourages undesired primary 
emission. Occasionally tube parts 
and envelopes are graphite-coated 
to prevent secondary emission. 
The glass envelopes of cathode 
ray tubes for television receivers 
and oscillographs usually carry in- 
terior and exterior coatings of 
graphite. (See Figure 4.) They 
function as ray-focusing anodes, as 
opaquing media, as_ electrostatic 
shields, and to a lesser degree as 
gas adsorbers or “getters” In some 
cases the electron gun is sprayed to 
eliminate internal reflection. 
Copper-oxide rectifier manufac- 
turers use colloidal graphite for the 
formation of conducting films on the 
discs surfaced with the rather rough 
and crystalline cuprous oxide. 
Graphite exerts a leveling action, 
filling in the “valleys” between the 
crystals, and improves contact 
during assembly between the discs 
and plates of which these devices 


Fig. 4. The interiors of cathode ray tubes are coated with colloidal graphite. 


are composed. 
Films laid down from colloidal 
graphite suspensions are valuable 


~as~ conducting lubricants in sus- 





partners in creating 


@ ALBANENE,* a K&E product, is the preferred tracing paper 
in thousands of drafting rooms. It is transparentized, not with 
messy oils that leak, but with a special synthetic trans- 
parentizer developed by K&E. ALBANENE does not turn 
brittle or lose its transparency with time. After years it is as 


good as new. 


*Trade Mark® 


KEUFFEL & ESSER CO. 


Es. 1867 


NEW YORK * HOBOKEN, N. J. 
Chicago ® St. Louis * Detroit * San Francisco * Los Angeles * Montreal 


50 





Tel-O-T ube 


pension-type insulators, on auto- 
matic electroplating equipment, 
and on heavy-duty switches. 

Other electronic and/or electrical 
applications of colloidal graphite in 
one form or another involve the 
manufacture of fixed and variable 
resistors, light-sensitive cells, shield- 
ed electrical musical instruments, 
and the automatic tuning mechan- 
isms of broadcast receivers. 
Miscellaneous Uses 

Because of the minute size of its 
particles, graphite in the colloidal 
state is used in numerous industries 
as an impregnating medium. Ex- 
amples are: in brake linings to pre- 
vent momentary seizing or chatter- 
ing; in packed materials as a lubri- 
cant; in and on driving belts to 
ground static charges; in fabrics 
to be used as soil standards for the 
evaluation of detergents; in porous 
bearings; and for rendering paper 
stock conductive. 

In conclusion it would be well to 
add that the literature records a 
number of novel uses for colloidal 
graphite in the fields of biology and 
medicine, the most unusual of 
which is its application by Hacker 
as an impregnant for the breathing 
tubes of mosquito larvae. 

Coiloidal graphite is indeed a 
unique material, the usefulness of 
which continues to extend into 
fields far remote from its original 
function as a lubricant. 
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qe Me WATS ei 


ME eee 
an AIRCRAFT engineer ? 


But I haven't majored in j 
my aeronautical engineering PA 


i 
awe 


” 


ase 
eo 


That doesn't matter. 
ckheed can train you... } 
at full pay! . 


This Plane made History 


’ i. - ‘ a ee The P-38 Lightning — first 400 mile 
It's your aptitude, your knowledge of engineering principles, per hour fighter-interceptor, the 
““fork-tailed Devil” that helped 


your degree in engineering that count. win World War II. 


Those—plus the opportunity Lockheed is offering you—are all you need for a This Plane is making History 


career as an aircraft engineer. In Lockheed’s special program for engineering 
graduates, you may go back to school, or you may convert to aircraft work by 
doing —on-the-job training. But whichever it is, you receive full pay while learning. 


But Lockheed offers you more than a career. It offers you a new life, in an area : 
The Super Constellation — larger, faster, 


where living conditions are beyond compare. Outdoor living prevails the on nus tance ceaieeradt aamaien 
and commercial jet transport. 


year-round. Mountains, beaches are an hour from Lockheed. 
This Plane will make History 


See your Placement Officer today for the details on Lockheed’s Aircraft Training Program 
for engineers, as well as the better living conditions in Southern California. The jet of 
the future— the plane 
If your Placement Officer is out of the illustrated brochures describing living and you will help create— 
working conditions at Lockheed, write M. V. Mattson, Employment Manager belongs here. 


. f) This plane — which exists only in 
A ad the brain of an engineer like yourself 
——s 7 An rs , —is one reason there’s a better 
C CO; CEE Y Aircraft Corporation future for you at Lockheed. For 


: : Lockheed will always need engineers 
Burbank, California with ideas, engineers with 
imagination, engineers who build 
the planes that make history. 
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Titanium 
(Continued from page 13) 

Properties of Titanium 

As for titanium metal, the need 
is tremendous, but an economical 
process for its production is still 
needed. The present method in- 
volves converting the titanium 
oxide slag into titanium tetrachlor- 
ide which is then combined with 
molten magnesium to give raw 
spongy titanium metal. The sponge 
must then be melted and poured 
into ingots before fabrication. One 
big disadvantage of titanium is its 


titanium fits the strength and heat 
requirements of modern jet en- 
gines better than any other known 
material. Titanium metal in the 
form of ferro-titanium and ferro- 
carbon-titanium alloys have al- 
ready found their way into the 
steel industry for use in improving 
the quality of steel. 
Although welding is still in the 
experimental stage, spot welding, 
seam welding, and inert-gas shield- 
ed-arc welding do seem practical. 
The big problem is to prevent the 
contamination of the titanium by 


The multi-mill:on dollar smelter at Sore!. The Sore! plant is expected to produce over 
half the TiO. for U.S. consumption. 


affinity for oxygen and other active 
gasses; even small amounts of these 
gasses will cause the metal to be- 
come brittle. As for its properties, 
titanium has a specific gravity of 
4.5, half as light as steel (7.9) and 
about twice as heavy as aluminum 
(2.7). It melts at 1800°C, can be 
rolled, drawn, and ts highly resistant 
to corrosion. The tensile strength 
of annealed titanium is 82,009 psi, 
and cold rolled to 50% reduction 
the tensile strength is about 126,- 
000 psi, or 50% more than cast 
steel. Thus, with its lightness and 
tremendous strength, titanium has 
great potentialities in bridge and 
aircraft construction, and in trans- 
portation. The military is very much 
interested in titanium. Because of 
its resistance to salt (after 30 days 
exposure to salt sprays it showed 
no tarnish) the Navy is obviously 
interested in titanium for ship con- 
struction. As for the Air Force, 
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active gasses at the elevated tem- 
peratures required for welding. 
Soldering and brazing of titanium 
are still unsuitable for lack of a flux. 
Since it is both nontoxic and cor- 
rosion resistant, titanium also 
promises to have wide use in food 
handling equipment, surgical equip- 
ment, and various phases of medi- 
cine. 

An unlimited market awaits the 
products from the Sorel plant. For 
titanium oxide there is already a 
proven market and for titanium 
metal (though still small)—an es- 
timated 4500 tons in 1952—the 
market has gigantic possibilities. 
All that remains to open this new 
field is to find an economical means 
of production and a means of pro- 
tection against active gasses. At 
present, with much of the metal 
industry working on these problems, 
their solution seems well within the 
realm of possibility. 





All-Weather Ventilation 
(Continued from page 44) 
and concession stands are situated. 

Each heater used in this installa- 
tion has a capacity of 650,000 Btu. 
per hour and can handle, with its 
individual fans, a total of 7000 cu. 
ft. of air per minute at -in. 
static pressure. The heater fans, 
and the exhaust fan that pro- 
vides inducted draft for the com- 
bustion chamber, are powered on 
a single shaft by a 3-hp. motor. 

The entire air supply for each 
heater is drawn from the arena 
through the return air ducts. Some 
of the heaters have two return ait 
ducts and others have three. Air 
from these ducts enters the base of 
each heater and is pulled down- 
ward by the fans. It passes first 
over banks of economizer tubes 
which carry exhaust gases to the 
10-in. transit vent stack extend- 
ing through the roof. The tubes 
serve to pre-warm the air and cool 
the exhaust gases. Cooling the ex- 
haust in this manner has the ad- 
vantage of extracting the most heat 
value from the fuel burned in the 
combustion chamber. After passing 
over the economizer tubes, the air 
then sweeps the heater’s stainless 
steel combustion chamber in which 
the gas is being burned. Use of 
stainless steel for the combustion 
chamber gives the heaters longer 
service life and enables their instal- 
lation in an inverted position be- 
cause no refractory lining is re- 
quired for the fire box. 

The temperature of incoming 
air is raised approximately 80 de- 
grees during the heating cycle. 
From the discharge outlet of each 
heater, the air empties into a 
supply duct. There is an opening in 
the top of this duct to allow part of 
the air to discharge into the 
plenum chamber behind the bal- 
cony, while the remainder is trans- 
ported to the duct openings above 
the box seats. 

The same air distribution pattern 
is effected for summer ventilating 
but the gas burners of the heaters 
are turned off. 

Each fully-automatic heater is 
controlled by an individual ther- 
mostat in the plenum chamber. 
Maintenance in the plenum cham- 
ber is facilitated by a 3-ft. wide 
walkway installed along the back 
wall of the area. 
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Is He? 
4 metalloveies 


an expert 
toolmaker 


a laboratory 
technician 
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If you checked “toolmaker”, you 
know your way around in a machine 
shop. He's grinding the contour of a car- 
bide-tipped flat form tool on an optical- 
type precision grinder equipped with a 
Norton Diamond Wheel. 


Facts You Should Know 


One of the reasons for the industrial 
edge the United States has over other 
countries is its leadership in the use of 
cemented tungsten carbide tools. With 
them, American industry has speeded up 
mass production. 


Cemented carbide tools are so hard 
that they cannot be machined in their 
ultimate form by any known metal tool. 
So, they must be shaped by grinding 
with abrasive wheels. 


Diamond wheels have become the 
accepted type of abrasive wheel for pre- 
cision grinding operations on cemented 
carbides. Their exceptionally fast and 
cool cutting action and extremely low 
rate of wear result in economically low 
grinding costs. 


Norton Diamond Wheels 


Norton Company pioneered in the 
development of diamond wheels in this 
country, bringing out the first Resinoid 
Bonded Diamond Wheel in 1934. This 
was followed 5 years later by the durable 
Metal Bonded Diamond Wheel. And in 
1945, came the Vitrified Bonded Dia- 
mond Wheel, a development of the 
Norton research laboratories. 


Today, the Norton price list for Dia- 
mond Wheels and Hones contains about 
1000 items, ranging in list price from 
$17.70 to $2,877.35, depending on the size 
of the wheel and the diamond content. 
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Think It Over! 


Because Norton Company is dedi- 
cated to “making better products to 
make other products better,” Norton 
Research is always looking ahead. To the 
young technical man, such a progressive 
attitude promises an interesting future. 


Free Handbook 
On Grinding Car- 
bide Tools descrives 


in detail how Norton Diamond 

Wheels are used to recondi- 

tion and sharpen cemented 
carbide tools and cutters rapidly and economi- 
cally. Write for a free copy. 





Joseph C. Danec, B. S. Ch.E., Lafayette College 
‘39, examines a diamond wheel section with Bausch 
& Lomb Research Metallograph in connection with 
his work on the development of Norton Metal 
Bonded Diamond Wheels. 
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NORTON 


TRADE MARK REG. U.S. PAT. OFF. 


(aking bette? products to make other products better 
astomgoare aa GRINDING wurss(0) eure 77 wesane PAPER & oy 


GRINDING & LAPPING. MACHINES 


REFRACTORIES | 
CS 


CERAMIC SURFACE PLATES & 


LABELING MACHINES 4 “we NON-SLIP FLOORING 


BORON CARBIDE PRODUCTS 


NORTON COMPANY, WORCESTER 6, MASSACHUSETTS 


BEHR-MANNING, TROY, N. ¥. IS A DIVISION OF NORTON COMPANY 











A NEW CORNELL SPORT SHIRT 
Soft gray doeskin with two button gaucho type 
collar and quarter-length sleeves. Small Cornell 
owt 


seal decoration—sizes small, medium and large. 


| 
2-WAY CONTROL a9 $3.25 


MACKENZIE BOW TIES 


You may have seen the article in LIFE on these 
shoe string bow ties, adjustable and only 7/8” 
wide. We have them in cotton plaids, polka dots 
and small figure patterns at $1.00. Imported 
cotton tartans, checks, tattersalls and college 
colors are $1.50. 


THE CORNELL CO-OP 


When the manufacturer wanted to provide Barnes Hall On The Campus 
this spotlight with a simple, compact 
means of rotary control combined with 
push-pull, he used an S.S.White flexible 
shaft. As you can see, with only a single 
flexible shaft, the light can be swung 360° 
or tilted up or down simply by turning the 
control knob or moving it in or out. 























* * * * 


Many of the problems you'll face in indus- N O R T O N 


try will involve the application of power 
drives and remote control with the em- - S 

phasis on low cost. That’s why it will pay Printing Co. 
you to become familiar with S.S.White 
flexible shafts, because these “Metal 
Muscles”® represent the low-cost way to 
transmit power and remote control. 


317 E. State St. 


SEND FOR THIS FREE 
FLEXIBLE SHAFT BOOKLET... 


Bulletin 5008 contains 
basic flexible shaft data 
and facts and shows how 
to select and apply flexible 
shafts. Write for a copy. 


Cné, 
ee DIVISION 


DENTAL MFG. CO. Dept, 1OEast 40th St. 
NEW YORK 16, N. Y. 
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Oxygen bubbled through molten 
Stainless steel scrap, removes 
impurities and reclaims badly 
needed nickel and chromium, 


“DRY ICE” (Solid COs gas) refrigerates 
your blood donation to preserve its life- 
giving effectiveness during its flight overseas. 
This same gas also sparkles soft drinks, 
and helps keep food fresh. 


atthe fone of progress youl find 


Divisions of Air Reduction Company, Incorporated, 


It’s a long step from reclaiming highly critical nickel and chro- 
mium to the refrigeration of whole blood — yet Air Reduction takes AIR REDUCTION SALES COMPANY, AIR 
it in stride. "REDUCTION PACIFIC COMPANY, AIR RE- 


Why? Because Airco’s business is the business of America — a cor- DUCTION MAGNOLIA COMPANY... Indus- 


porate family that contributes to the basic activities of American trial Gases, Welding and Cutting Equipment 
life and industry —a corporate family that depends on each in- * AIRCO EQUIPMENT MANUFACTURING 
dividual member for the techniques and knowledge to benefit indus- DIVISION * NATIONAL CARBIDE COM- 
tries as diverse as aircraft manufacture and food packaging... PANY ... Calcium Carbide * OHIO CHEMI- 
medical therapy and shipbuilding. CAL & SURGICAL EQUIPMENT COMPANY, 
In fact, wherever progress is racing ahead, not inching to new OHIO CHEMICAL PACIFIC COMPANY . . . 


frontiers, you'll find an Air Reduction Product. Medical Gases — Apparatus — Hospital 
Equipment * PURE CARBONIC COMPANY 


. . . Carbonic Gas and “Dry-ice” * AIRCO 


==) = 
AIRCO) Air REDUCTION COMPANY, INCORPORATED | commanr intervationat .... Export « 


AIR REDUCTION CHEMICAL COMPANY. 
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STRESS ad S7RA/M... 


A few days ago we came across 
a very unusual little story which we 
thought might interest the readers 
of the ENGINEER. To be honest, we 
don’t know who the author of the 
story is or where it was first printed. 
Nevertheless, we'll thank him for 
it and we think you will too. 


THE LOVE AFFAIR OF 
EDDY CURRENT 


At time T equals zero there lived 
in a small cavity in a dielectric a 
poor struggling dipole by the name 
of Eddy Current. He was deeply in 
love with a beautiful double layer 
by the name of Anne Ion, the 
daughter of an influential force in 
the town, Gation. Anne was the 
center of attraction of the young 
dipoles of the town. Her golden 
coils, her symmetric line integrals, 
and her simple harmonic motion af- 
fected the susceptibilities of all the 
gay sparks. However, her father, a 
rich magnet and power factor, had 
laid down a strict set of boundary 
conditions for her future husband. 
Eddy’s first contact with her came 
at a time T equals A. As he passed 
by a beauty parlor on his periodic 
orbit, he saw her having a standing 
wave induced in her filaments. She 
made a fine sight in her beautiful 
doublet and it was a case of mu- 
tual polarization. 

By a coincidence they met at a 
dissipated function the following 
night. After a few oscillations to the 
strains of a number (N) by Mo 
Mentum and His Incandescent 
Tuning Forks, the couple diffused 
into the field outside. There on the 
Wheatstone bridge the young di- 
pole felt that his big moment had 
come. “Gauss, Anne, you are acute 
angle! | am determined that U shall 
marry me for I sphere that I will 
never be happy without you.” 

“Oh Eddy, don’t be obtuse,” said 
Anne, “integrate out of here.” 

“Anne, are you trying to dampen 
my oscillations? Can’t you see that 
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I am in a state of hysteresis over 
you?” 

“Now Eddy, be a discrete par- 
ticle. What will father say?” 


Eddy did not let her reluctance 
phase him, for he knew that it was 
only a surface charge. “I admit I 
only get paid a low calorie in my 
present position, but I have poten- 
tialities, and I am sure that money 
cannot BTU of any importance 
compared to my love.” 


Alas, there was also in this cavity 
a mean dipole who was resolved to 
marry this beauteous Anne, using 
coercive force if necessary. Hearing 
these murmurings of love he went 
Pi-ied with fury, and crept stealth- 
ily upon the couple with velocity V, 
his joules drooling with the bestial 
erg that moved him. “LS Schmidt,” 
cried Anne, “What the infrared are 
you doing here, you flat-bottomed 
vial villain?” The situation grew 
tensor. 

Schmidt advanced to choke the 
beautiful coil; Eddy offered resist- 
ance (R) and his capacity (C) for 
absorbing the charge (Q), but 
Schmidt lost little work content in 
knocking him out to infinity with 
a severe blow of his negative 
charge. Eddy made a quick come- 
back with acceleration A. Strip- 
ping off Schmidt’s outer electrons, 
Eddy so upset the villain’s equili- 
brium that he was converted into 
cosmic radiation and vanished in 
the realms of space, leaving Eddy 
the resultant vector of the combat. 

Old Gation, attracted to the spot 
of Schmidt’s oxidation, beamed up- 
on the young dipole. “Brave young 
lad,” he emitted, “you have satis- 
fied the boundary conditions and 
by the uniqueness theorem you are 
the only one for my daughter.” 

“Our love will not be transient,” 
said Eddy as he formed a closed 
circuit about her. “Darling, we will 
raise a one parameter family of 
second order infinitesimals,” mur- 
mured Anne happily, as time T ap- 
proachede.... 


CHULIUS, DE DIESEL ENCHANEER 

Leddle Chulius, haff no fear 

You'll soon be a diesel enchaneer. 

Onwerts, onwerts, we must go 

‘Cause ve luff doctor diesel so. 

All important, neffer giff 

A statement dot is positive. 

Und if you must, be sure to throw 

As much baloney as you know. 

Ven dere’s trouble mit injectors 

Call a bunch of schmart inspectors. 

Dey vill get into a huddle 

Den dere’ll be anudder muddle. 

Ven she won't run like she oughter 

Turn off all the cooling vater. 

Den dose heads get red and blue 

Chust from too much B.T.U. 

Oh, alas! (und some alack) 

Dot exhaust iss so damn black; 

My, vot can the trouble be? 

Maybe leaks out M.E.P. 

Ven you feel a bad vibration 

Send a broadcast over de nation 

Calling for dose “viggle boys” 

Mit dere fancy ‘lectric toys. 

They vill sneak up on dose viggles 

Mitt some chuckles and some 
giggles. 

Den, in two month you vill know 

Vot makes diesels chiggie so. 

Vatch dere chests svell up mit pride 

Ven dere slip sticks schtart to slide 

Und dere elbows swing in rhythm 

Pushing out dose logarithithms. 

Leedle Chulius, haff no fear 

You'll soon be a diesel enchaneer 

Und eventually you vill know 

Vot makes diesel enchines go. 


BRAIN TEASER 

Shown below are nine dots ar- 
ranged in a square. The object is 
to draw four straight lines so that 
each dot is intersected by at least 
one line; and the four lines are to 
be drawn continously; that is, with- 
out lifting your pencil from the 


paper. 


Answer to last month’s brain 


teaser: 50 miles. 
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1. TEST ENGINEERS PROGRAM—sgives engineering graduates 
opportunities for careers not only in engineering but in all 


phases of the company’s business. Rotating assignments plus 
opportunities for further classroom study. 


Ansa ia 


3. MANUFACTURING TRAINING PROGRAM—for developing man- 
ufacturing leaders. Open to graduates with a technical educa- 
tion or a general education with technical emphasis. 


5. PHYSICS PROGRAM—the gateway by which physics majors 
begin G-E careers. Program graduates have gone into such fields 
as research, development, manufacturing, design, marketing. 


GENERAL @@ ELECTRIC. 


2. BUSINESS TRAINING COURSE—open to business administra- 
tion, liberal arts and other graduates...for careers in accounting, 
finance, administration. 


4. CHEMICAL AND METALLURGICAL PROGRAM—offers rotating 
assignments and studies for chemists and for chemical and 
metallurgical engineers. 


If you are interested in entering one of these five 
basic General Electric programs after graduation, 
talk with your placement officer and the G-E 
representative when he visits your campus. Mean- 
while, send for further information: 

@ On Test, Chemical and Metallurgical, and Physics 


Programs, write to Technical Personnel Services 
Dept., Schenectady, N. Y. 

@ On Business Training, write to Business Training 
Course, Schenectady, N. Y. 

@ On Manufacturing, write to Manufacturing 
Personnel Development Services Department, 
Schenectady, N. Y. 
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